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10 CSR 20-8.200 Wastewater TreatmeriPonds (Lagoons)].agoons and Land Application

PURPOSE: The following criteria have been prepaaed guide for the design of waste-water treatment
ponds (lagoons). This rule is to be used with rd@<SR 20-8.110-10 CSR 20-8.220 for the planning
and design of the complete treatment facility. Tais reflects the minimum requirements of the bliss
Clean Water Commission as regards adequacy of nesigomission of plans, approval of plans and
approval of completed{sewage-werkshstewater treatment planit is not reasonable or practical to
include all aspects of design in these standardse Tesign engineer should obtain appropriate
reference materials which include but are not lired to: copies of design manuals such as Water
Environment Federation’s Manuals of Practice, andher wastewater pumping station design

manuals containing principles of accepted enginewripractice Deviation from these minimum
requirements will be allowed where suff|C|ent doeutatlon |s presented to Justlfy the deV|at|on S'Ehe
criteria are d v
Reemqqmended&andamg,—feo%ewage—Wems—and arel basthe best mformatlon presently avallable
including the Great Lakes-Upper Mississippi Riveo&rd of State and Provincial Public Health and
Environmental ManagersThese criteria were originally filed as 10 CSR&030and 10 CSR 20-
8.220Q It is anticipated that they will be subject tavi@v and revision periodically as additional
information and methods appear. Addenda or suppiésrte this publication will be furnished to
consulting engineers and city engineers. If otli@sire to receive addenda or supplements, pleagsad
the Clean Water Commission so that names can bedatdathe mailing list.

Editor's Note: The secretary of state has deternhitheit the publication of this rule in its entiretypuld

be unduly cumbersome or expensive. The entir@tée material referenced has been filed with the
secretary of state. This material may be foundhat@ffice of the Secretary of State or at the
headquarters of the agency and is available toiatgrested person at a cost established by state la

(1) Definitions. Definitions as set forth in thee@h Water Law and 10 CSR 20-2.010 shall applydseth
terms when used in this rule, unless the contesrhy} requires otherwise. Where the tefrslall’ and
“must are used, they are to mean a mandatory requirdmssitar as approval by ttagency] Missouri
Department of Natural Resource (departmentjs concerned, unless justification is presented for
deviation from the requirements. Other terms, sagtshould , “recommend, “ preferred and the like,
indicate[discretionary requirements on the part of the ageand deviations are subject to individual
considerationjthe preference of the department for consideratiofy the design engineer

(A) Deviations. Deviations from these rules may bapproved by the department when
engineering justification satisfactory to the depatment is provided. Justification must
substantially demonstrate in writing and through calculations that a variation(s) from the
design rules will result in either at least equivant or improved effectiveness. Deviations are
subject to case-by-case review with individual project casideration.

(B) Land application is the application of wastewagr at rates up to the maximum amount
which can be renovated by the soil—plant filter wihout detrimental effects to surface or
groundwater soils or crops. Land application installations are to be used wher¢he waste
contains pollutants which can be successfully renated through organic decomposition and
the adsorptive, physical and chemical reactions ithe soil and vegetation. The land
application of wastewater may recharge the local gundwater or reemerge into streams;
therefore, the quality, direction and rate of movenent and local use of the groundwater,
present and future, are important considerations irevaluating a proposed site. It is essential
to maintain an aerated zone in the soil to providgood vegetative growth and removal of
nutrients. A groundwater mound may develop after tle system is in use. Major factors in
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the design of land application systems are topogrég, soils, geology, hydrology, weather,
agricultural practice, crop, use of crop, adjacentand use, equipment selection and
installation.

(C) No Discharge Lagoon. A no-discharge lagoon islagoon system consisting of one or
multiple cells designed to hold the one and ten yeatorm event, plus a minimum of sixty
(60) days of wastewater without discharging. No-d&harge lagoons are used in the series
with a surface or subsurface land application.

(D) Retrofits. Retrofits as used in this chapter réer to physical, chemical, and biological
modifications to an existing lagoon system to impne the quality of the effluent or allow the
facility to achieve no discharge.

(E) Sail Scientist. A qualified soils scientist sl a minimum of at least fifteen semester credit
hours of soils science course work, including atdet three hours of course work in soil
morphology and interpretations.

(F) Subsurface Land application or irrigation is amethod of dispersing effluent from a
wastewater treatment facility into subsurface soilniformly and under unsaturated soil
conditions allowing for efficient water use and nutient uptake by vegetation.

(G) Ten year, Twenty-four hour storm event. A pre@itation event with a duration of more

than twenty-four (24) hours that exceeds the one-iten (1 in 10)-year return/frequency It is -

preferred the University of Missouri’s Missouri Climate Center be used to determine the
ten year, twenty-four hour storm event for any couty in the state.

(H) Wastewater reuse is the application of wastewatdor maximum economic return from the
cropping system. Application rates will approximatethe irrigation deficit and normally will
not exceedwenty four inches (24") per year.

(2) [Exceptions. This rule shall not apply to facilgidesigned for twenty-two thousand five hundred
(22,500) gallons per day (85.4)wr less (see 10 CSR 20-8.020 for the requirenfenthiose
facilities).] Applicability. This rule shall apply to all wasteweter treatment facilities. This rule shall
not apply to animal feeding operations, animal mante management systems or other agricultural
waste management systems. Design guide and critef@ these facilities are found in 10 CSR 20-
8.300.This rule shall not apply to sludge storage lagoonsr the land application of sludge. Design
guides and criteria for these facilities are foundn 10 CSR 20-8. 170.

(3) General. This rule deals with generally usetati@ns of treatmerfponds] lagoonsto achieve
secondary treatment including controlled dischgpgad] lagoonsystems, flow-througfpond] lagoon
systems[and] aeratgpond] lagoonsystemslagoon retrofits and land application

(A) [Ponds]_agoonsutilized for equalizatio percolation, evaporationaind sludge storage will
[not be discussed in this ruléf discussed in 10 CSR 20-8.150 and 10 CSR 20-8.170
Wastewater reuse beyond land applicatiomnd subsurface dischargds not discussed in this
rule.

(B) Industrial Wastes. Consideration shall be given tohe type and effects of industrial wastes
on thetreatment process It may be necessary to pretreat industrial dischages. Industrial
wastes shall not be discharged t@goons or to land application systerwithout assessment
of the effects the substances may have upon thedteent processor requirements in
accordance with state and federal laws. Whenever dustrial wastes are a significant part of
the wastewater flow, the department may require mae stringent seepage limitations and
liner design considerations.

(4) [Supplementary].agoon Field Survey Data.

(A) The location and direction of all residencesmenercial developments, parks, recreational areas

and water supplies, including a log of each wedhidilable withinfere-half-(1/2)]a quarter
(0.25)0f a mile {{8-8-kmytof the proposefpond] lagoon and land application siteshall be
included[in the engineer’s report]

{

Comment [D1]: 10 CSR 20-6.015(1)(B)3 and
part of 10 CSR 20-6.300(1)(B)7

)
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(B)Land use zoning adjacent to the propdgechd] site shall be included.
1. A description, including maps showing elevatiansd contours, of the site and adjacent area
shall be provided. Due consideration shall be gteeadditional treatment units and/or

|ncreased waste Ioadlngs in determlnlng Iand reqnmnts[@u#ent—[Um&ed—States

A. The purpose of the investigation is to assemble alable information to
determine if soil borings and soil tests are requid to design a lagoon which will
meet the seepage requirements. The investigationaiid be done using data
such asNational Resources Conservation Service (NRC&ounty Soil Surveys,
U.S. Geological Survey topographic maps and the reged geological evaluation
from the Department of Natural ResourcesMissouri GeologicalSurvey.

B. Visual inspection of the area noting topographywet areas, vegetation and
ditching is useful and may be necessary, particuléy if maps are not detailed

and/or 30|I maps do not eX|st{-I-n1€eFmaﬂen—ga¥hered-irem4#Hs—mvesagaaen—sh®ul

C. The location, depth and discharge point(s) gffaeld tile in the immediate area of
the proposed site shall be identified.

D. A geological evaluation of the proposed lagoibe grepared by thiDivision of
Geology and Land Survey (DGLS)]ssouri Geological Surveyshall be submitted.
To obtain this geological evaluation of the progbsiée, the engineer shall submit
the following information to the Department of NetLResourcegDivision of
Geology and Land Surveyjissouri Geological SurveyP.O. Box 250, Rolla, MO
[65401] 65402

1. A layout sheet showing the proposed locatiore [alyout shall include the legal
description, property boundaries, roads, streardo#rer geographical
landmarks which will assist in locating the site;

2. Size of the lagoon and/or approximate volumeaste to be treated;

3. Maximum cuts to be made in the constructiorheflagoon; and

4. Location and depth of cut for borrow area, i.&h-Sulfate-contentofthe
i terensebe ool be dletenmined

5. All potential lagoon sites will receive a rating fom the geological evaluation.
The rating will infer the relative geological limitations for designing and
constructing a lagoon at the site in question.

A. Whenever the geological evaluation indicates tha site has slight
limitations, the requirements for additional soilssite investigation as set
forth in subsection (8) of this rule, may not be rquired by the
department. The department may require that the reslts of density
tests, taken on the finished lagoon liner, be subttéd and approved
prior to putting the pond into operation.

B. Whenever a site has moderate geological limitatns, the department
may require one (1) or all of the requirements fora detailed site
investigation as set forth in subsection (8) of tkirule. The department
may require density tests, taken on the finished goon liner, be
submitted and approved prior to putting the lagooninto operation.
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C. Sites that have severe geological limitationsrfgonstruction of

wastewater stabilization lagoons will be reviewedroa case-by-case
basis. The department may require artificial linersin these situations.
In general, where there is high collapse potentialue to bedrock and
soil conditions, the use of lagoons will not be allved. Exceptions may
be granted dependent upon the type of liner proposkand where the
geological considerations have been thoroughly evealted so that the
risk of groundwater contamination is minimized.

. Where liners are used in storage or treatment k&ns for wastewaters of

an industrial nature, the summary of design data sall document that
the liner or storage structure material is capableof containing the
wastewater for at least twenty (20) years and shatpecify repair or
replacement procedures in the event of leakage oathage to the seal.
Secondary containment or leakage detection and celition devices shall
be considered for corrosive or reactive wastewatersnd for toxic
materials. The department may require leakage testig and submittal

of density tests and/or coefficient of permeabilityn the finished liner
prior to placing the structure into operation.

E. Data from all soil borings conducted by a prsfesal soil testing laboratory to
determine subsurface soil characteristics and ghoater characteristics, including
elevation, at the proposed site and their effedherconstruction and operation of a
[pond] lagoonshall also be provided.

1. All boring holes shall be filled and sealed.

2. The permeability characteristics of the pond bottod pond seal material shall
also be studied.

3. At the facility plan stage particle size analygigterburg limits, standard
[Procter] Proctor density (moisture-density relations) or permeabili
coefficient may be required on a case-by-case baseflect soil characteristics.

4.[ At the twenty percent (20%) design stagej] analysis of each representative
soil material including particle size analysis,ektiurg limits, standargProcter]
Proctor density (moisture-density relations) and permégtibefficient of the
compacted soil as measured in a falling head penetes or other test procedure
acceptable to the agency may be required.

5. Soil borings may be required in each geologicad aoedetermine depth to
piezometric surface and to bedrock. Recommendatibtie[DGLS] Missouri
Geological Surveywill be used to establish the required tests efdlility plan.
[ and twenty percent (20%) design stages.]

F. Site Investigation. A preliminary investigationfor a lagoon site should be
undertaken to screen a study area for potential sits before a detailed site
investigation, if required, is undertaken.

1. Detailed Soils Investigation. If a detailed @t investigation is needed to
substantiate feasibility and design of a project aa selected site with regard
to design requirements, the quantity and quality ofoil materials on site
(and borrow) must be identified and evaluated for se in the lagoon and/or
liner construction. The design concepts and objeates of the investigation
should be made clear by the consulting engineer the qualified soil
{engineering-partylscientistdoing the field work so that an investigation
strategy can be developed and sufficient data cotfeed. Most important, an
identification of the volume of the soil needed fothe liner must be
determined.

2. The department may require the following to bencluded in the soils
investigation:
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A. Exploration shall be sufficient to identify anddefine the quantities and

[(B)] (C) Site Information.

quality of the soil liner materials. The use of tetspits, split barrel or
thin wall sampling or a combination of these techmjues may be used
depending on the total area of investigation and # depth to which
exploration is needed. The following information, m whole or in part,
may be required by the department:

. Atterburg limits;

. Standard Proctor density (moisture/density relabnships);

. Coefficient of permeability (undisturbed and renolded);

. Depth to bedrock;

. Particle size analysis; and

. Depth to seasonal high groundwater table.

OO WNPE

. Information gathered from the investigation shoud be presented on a

base map drawn to scale and referenced to U.S. Gegical Survey
datum. Slope, landscape position and other surfadeatures should also
be included. Stratigraphy of soils should be showasing cross sections
or fence diagrams when soil liner material is to bédentified. Copies of
original boring and other soil test logs shall alsbe included. An
interpretation of the collected data shall be incoporated into the

report. Any site constraints and how they will be éalt with should be
discussed.

1. Distance from habitation. Lagoon sites should®éar as practicable from habitation or any

area which may be built up withfa-reasenable-future-periedhe expected twenty year

desian life of the facility. The agency does not attempt to set any minimstawuite from

habitation since each case must be judged upowitamerits.

2. Prevailing winds. If practicablgponds] lagoons and spray land application siteshould
be located so that local prevailing winds will betie direction of uninhabited areas.

3. Surface runoff. Location gponds]lagoonsin watersheds receiving significant amounts of
stormwater runoff is discouraged. Adequate promsimust be made to divert stormwater
runoff around thépends] lagoonsand protect embankments from erosion.

4. Hydrology. Construction gbonds] lagoonsin close proximity to water supplies and other
facilities subject to contamination should be aedidA minimum separation of four feet (4')
2-m)} between the bottom of thpend} lagoonand the maximum groundwater elevation
should be maintained where feasible.

5. Groundwater pollution. Proximity of lagoons tater supply located in areas of porous soils
and fissured rock formation shall be elevated michereation of health hazards or other
undesirable conditions. If the geological repoohi{DGLS] Missouri Geological Survey
makes suggestions for remedial treatment of tlee thie engineer shall comply with the
suggestions. In some cases, the engineering gebleguests to visit the site during or after
construction. When a request is made, the congutingineer shall comply with the request.

6. Additional storage volume should be considered fosludge and in northern [climates]

Missouri, ice cover.

(5) Basis of Design.

(A) Quality of Effluent.

1. A controlled discharge stabilizatigpond] lagoon(four (4)-cell) will be considered capable
of meeting effluent limitations of thirty (30) mdflochemical oxygen demand (BG)and
thirty (30) mg/l suspended solids.

2. Flow-through stabilizatiofponds] lagoons(three (3)-cell), and aerated lagoon systems will
be considered capable of meeting effluent limitatiof thirty (30) mg/l BODand eighty
(80) mg/l suspended solids.
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3. Flow-through lagoon systems and aerated lagooemsgstotowed-by-submerged-sand

filters} with_engineeredretrofits will be considered capable of meeting effluent fations
of twenty (20) mg/l BORand twenty (20) mg/l suspended sokdsl partial ammonia
removal.

4. Lagoons may be incorporated into irrigation systemsystems utilizing chemical
coagulation and filtration to meet theschargerequirements of 10 CSR 20-7.045d 10
CSR 20-7.031

(B) Area and Loadings for Discharging Lagoons.

1. Controlled Discharge Stabilizatiffonds] Lagoons (four (4)-cell).[Pond] Lagoon design
for BODs loadings shall not exceed thirty-four (34) Ibsiédday (38 km per hectare per day)
at the three-foot (3') (1.9 m) operating depthhia primary cells.

A. The primary cell shall be followed by a secondasl lsavingthree-tenths (0.3) the
area of the primary cell and by two (2) storagéscel

B. The two (2) storage cells shall have a volume alogdwo-foot (2"}6-6-)] level
for one (1) month’s storage of average daily floveach cell.

C. At least one hundred twenty (120) days’ detentioretbetween the two-foot (2')
level {o-6-m)}-and the maximum operating depth shall be providdtieé entire
fpord} lagoonsystem.

D. Flow can be based on one hundred (100) gallonsgpta per daj38-r/capid)]
or other values if data is presented to justifyréite.

E. Primary and secondary cells shall be designed &temdepths up to a maximum of
five feet (5"Y2-5-m). The storage cell should be made as deep as [@8pilo a
maximum depth of eight feet (§2-4-m}.

2. Area and Loadings for Flow-through StabilizatiBonds] Lagoons(three (3)-cell)[Pond]
Lagoon design for BOR loadings shall not exceed thirty-four (34) poupds acre per day

A. The second cell must be at letisee-tenths(0.3) the area of the first cell and the
third cell 0.1 the area of the first cell.
B. The first and second cells must have a variablesoipg level of between two feet

(2") o-6-m)} and five feet (5’5}
C. The third cell must have a variable operating l@fddetween two feet (2}§0-6-m)]

and eight feet (8)24-m)].
D. Detention time of at least one hundred twenty (I3)s must be provided.
E. Flows of less than one hundred (100) gallons peit@per day(-38-rf/cap/d)lmay
be used if data is presented to justify the lovage.r
3. Area and Loadings for Aerated Lagoons. For theetbpment of final design parameters it is
recommended that actual experimental data be des@jdowever, the aerated lagoon
design for minimum detention time may be estimaisidg the following formula:

E

b= 33K, ~(100—B)

where:

t = detention time in the aeration cell in days;

E = percent of BOBto be removed in an aeratigbnd} lagoon and

K= reaction coefficient aerated lagoon, base 10.

A. For normal domestic sewage thelue may be assumed tofsE5} 0.06 per day

for Missouri conditions. The reaction rate coefidi for domestic sewage which
includes some industrial waste, other waste oigiyrtreatedsewage]wastewater
must be determined experimentally for various cooi which might be
encountered in the aeratgmbnds}Hagoons Conversion of the reaction coefficient at
other temperatures shall be based on experimeatial Rawfsewage]wastewater
strength should also consider the effect of anyrnesludges [2-fAlsoadditional]
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B. Oxygen requirements generally will depend onfB®Bs} ammonialoading, the
degree of treatment and the concentration of sulgzksolids to be maintained.
1. Aeration equipment shall be capable of maintgird minimum dissolved oxygen

level of two (2) mg/l in thgponds] lagoons at all times.

2. The aeration equipment shall be capable dt least 1.4 pounds of oxygen per

pound of BOD removed and where nitrification is reaiired; the aeration
equipment shall have the capacity to provide an adtional 4.6 pounds of
oxygen per pound of ammonia nitrogen removal4. Suitable protection from
weather shall be provided for electrical contral$ie aeration equipment shall
be capable of providing 1.3 pounds of oxygen pendmf BOR (1.3 kg/kg
BODs) removed. BOBremoval shall be based on warm weather rates. tadra
cells shall be followed by a polishing cell wittv@ume of 0.3 of the volume of
the aerated cell (see 10 CSR 20-8.180 for detailaevation equipment).]

C. A sufficient number of aerators shall be provide so that a design level of
dissolved oxygen within a particular cell shall benaintained with the largest
capacity aerator in that cell out of service.

1.

2.

Floating surface aerators should be anchored iat least three and
preferably four directions. Interconnection of floating aerators is
discouraged: Flexible cables are preferred over rig ones.

Surface aerators should be designed to prevemimg. Consideration should
be given to the installation of splash plates forantrol of misting. For
platform mounted aerators, the platform legs shouldbe spaced at a
sufficient distance from the aerator to minimize tte effect of ice build-up
caused by splashing.

D. Aerator design should provide for periodic and najor maintenance and repairs
and shall provide for removal of the aerators for eplacement if necessary.
Provisions shall be made for independent operatioaf each aerator by on/off
switches, time clocks, etc.

E. Diffused aeration. The design for compressed airolume requirements shall
include the basin aeration requirements together v air used in other
channels, pumps, or other air-use demands. The adliffusion equipment shall be
capable of maintaining sufficient mixing and oxygerconcentration in the
aerated volume under maximum seasonal demand coniins. Provisions shall
be made for removal of deposits for unclogging ofidiffuser openings.
Consideration should be given to minimizing the paits of access necessary for
cleaning.

1.

2.

3.

The specified capacity of blowers or air compre®rs, (particularly
centrifugal blowers), shall take into account thathe air intake temperature
may reach 104°F or higher and the pressure may beds than normal. Air
filters shall be provided in numbers, arrangementand capacities to furnish
at all times an air supply sufficiently free from dust to protect equipment
and prevent clogging of the diffuser system used.

The blowers shall be provided in multiple unitsso arranged and in such
capacities as to meet the maximum air demand witthe single largest unit
out of service. The design shall also provide forarying the volume of air
delivered in proportion to the design load for individual cells of the lagoon
system.

In the summary of design, calculations shall bgrovided to verify that
blower pressure is sufficient to dewater the diffusr lines at saturation
conditions under normal operating depths.
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F. Diffusers shall be arranged in each basin to prade tapered aeration with
maximum intensity near the inlet. The spacing of dfusers shall be in
accordance with the oxygenation requirements of thital process, i.e., the
organic loading in each cell. Diffuser spacing shdd be designed to facilitate
adjustments without major revision to air header pping. The arrangement of
diffusers should also permit their removal for insgction, maintenance, and
replacement without completely dewatering the basiand without shutting off
the air supply to other diffusers in the basin.

G. Individual assembly units of diffusers shall beequipped with control valves,
preferably with indicator markings for throttling o r for complete shut-off.
Provisions must be made for subsequent air flow goressure measurements and
necessary air flow adjustments. Diffusers in any sgle assembly shall have
substantially uniform pressure lossand hydraulic residence time

(C) Area and Loadings for Land Application StorageBasins

1. At a minimum, treatment prior to land application shall provide treatment equivalent
to that obtained from a primary wastewater pond cdldesigned and constructed in
accordance with sections(6) and (7) of this rule xeept that the pond depth may be
increased to include wastewater storage on top dii¢ primary volume.

2. Separate storage cells may also be used. The mmaxm organic loading on the primary
cell(s) at a water depth of three feet (3') shallat exceed thirty-four pounds (34 Ibs.) of
BOD per acre per day.

3. Storage requirements shall be based on the dgs wastewater flows and net rainfall
minus evaporation expected for a one (1) in ten (1@ear return frequency for the
storage period selected. The storage volume for wiasvater land application storage
basins shall be calculated based on the useablewmk above the two-foot (2') level. The
minimum total days’ storage required for no dischage ranges from sixty (60) days in
southern Missouri to one hundred twenty (120) days northern Missouri. These
requirements assume that a permanent cover crop is place and the primary purpose
of the system is wastewater treatment. If the systeuses row crops, or crop production
is the primary goal, storage should be increased torrespond with crop planting and
harvesting schedules. See Section (8) of this rit@m additional information.

4. The normal operating level for all lagoons shodlbe between the two-foot (2') level and
the high water level.

5. A permanent depth measurement gauge or marker sl be installed in the pond(s) and
shall be easily readable at one-foot (1") incremesitor smaller. The gauge shall be placed
in a suitable location where it is easily accessiéburing routine operations.

(D) Area and Loadings for Lagoons utilized for FlowEqualization

1. General. Flow equalization can reduce the dry vegher variations in organic and
hydraulic loadings at any wastewater treatment plah It should be provided where
large diurnal variations are expected.

2. Location. Equalization basins should be locatedownstream of pretreatment facilities
such as bar screens, comminutors and grit chambers.

3. Type. Flow equalization can be provided by usingeparate basins or on-line treatment
units. Equalization basins may be designed as eithi-line or side-line units.

4. Size. Equalization basin capacity should be sidfent to effectively reduce expected flow
and load variations to the extent deemed to bgracticable. With a diurnal flow pattern,
the volume required to achieve the desired degred equalization can be determined
from a cumulative flow plot over the representativetwenty- four (24)-hour period.

5. In-line Equalization Basin Operation.

A. Mixing. Aeration or mechanical equipment shall & provided to maintain
adequate mixing. Corner fillets and hopper bottomswith draw-offs should be
provided to alleviate the accumulation of sludge ahgrit.
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B.

Aeration. Aeration equipment shall be sufficientto maintain a minimum of 1.0

mg/l of dissolved oxygen in the mixed basin content all times. Air supply
rates should be a minimum o.0cfm per one thousand gallons (1000 gal) of
storage capacity. The air supply should be isolateflom other treatment plant
aeration requirements to facilitate process aeratio control. Standard process
aeration supply equipment may be utilized as a soae of standby aeration.

. Controls. Inlets and outlets for all basin compements shall be suitably

D.

equipped with accessible external valves, stop pks, weirs or other devices to
permit flow control and the removal of an individua unit from service. Facilities
shall also be provided to measure and indicate ligd levels and flow ratesThe
total equalization volume shall be large enough teffectively reduce both flow
and load variations.

Suitable access shall be provided to facilitatifde maintenance of equipment and

cleaning.

6. Side-line Equalization Basin Operation for wet wather flows.

A.Design shall include a method to return contents primary basins. For pumped

systems, installation of control valves or dedicatepumps to handle wet weather
flow shall be used to divert wet weather flow to th basin. Depending on the
elevation of the basin, it may be possible to retarthe flow to the plant's

primary units by gravity. If not, a pump return system will be necessary.

. _Design criteria. The design of basins requires thorough evaluation of flow

patterns and volumes. Items to be considered are bim geometry, construction
materials, storage capacity and operational contrgl.

. Basin layout. Basins designed for storage of/& million gallons or more require

a minimum of two compartments designed to operateniseries. All flow must be
diverted to a lined basin where solids can settlend, at a predetermined
elevation, overflow to additional basins. A singl&asin equipped with an
impervious liner or compacted to the leakage rateni subsection (x) of this rule is
acceptable where the required storage capacity igds than five million gallons.
Provisions are reguired for returning the contentsof the basins to the treatment
plant and for removal of settled solids.

._Basin construction. Basin construction must b accordance with

subsection(x) of this rule, with the following excetions:

1. Top of dikes may be reduced to a width of 6 feet

2. Bottoms of lagoon cells shall be adequately pked to allow drainage to waste
return structure(s).

3. For basins with two compartments, the first bas must meet the design
minimum requirements for leakage rates in subsectio (x) of this rule.

4. Corner fillets and hopper bottoms with draw-offsshould be provided to
alleviate the accumulation of sludge and grit.

5. Controls. Inlets and outlets for all basin compaments shall be suitably
equipped with accessible external valves, stop pkst, weirs or other devices to
permit flow control. Facilities shall also be provided to measure and indicate
liguid levels and flow rates.

6. Odor Control. Odor control provisions should beconsidered for equalization
basins that provide the opportunity for gas transfe or gas stripping activities
to occur

. Storage capacity. Design capacity should contathe anticipated excess flow

during the largest seven (7) day wet weather perioih ten (10) years, with the
capability to be emptied in a timely manner. Actualflow data shall be used to
develop flow balance or mass diagrams for determing basin capacity. Base the
frequency and duration of storms on field data andveather service records.
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1. For facilities reusing existing basins, the sumary of design shall include the
calculations for the storage capacity of the basiand the expected storm
event it can handle.

F. Aeration requirements. Where oxygen is requiredo prevent the wastewater
from becoming anaerobic provide air at the rate ofl.25 to 2.0 cfm per 1,000
gallons basin volume.

G. Pumps and flow control methods. Controls are mguired to requlate flow to the
basin and return flow to the plant.

1.Adequate controls with measuring devices are reded to divert all flow in
excess of the plant hydraulic capacity to the basin

2. Provisions and controls are required to return he basin contents to the plant
after the wet weather event has passed and influefiow returned to normal.

3. Return flow may be manual or automatic, but sufitient flow measurement
and instrumentation devices must be included to detmine the actual flow to
the first treatment unit. Where basin return flow is automatic, control
equipment must limit the combination of plant influent plus the basin return
flow to the hydraulic capacity of the plant.

(E) Multiple Units. Parallel cells should be catesied for large installations. The maximum size of
any cell should be forty (40) acrg46-ha)}: The system should be designed to permit isolation o
any cell without disrupting service of the othelixe

(F) [Pond] Lagoon Shape. The shape of all cells should be so thet tive no narrow or elongated
portions. Round, square or rectang(iftamds] lagoonswith a length not exceeding three (3)
times the width are considered most desirable skmds, peninsulas or coves shall be permitted.
Dikes should be rounded at corners to minimize @edation of floating materials. Common
dike construction, wherever possible, is stronglyaeiraged.

[(G) Industrial Wastes. Consideration shall be give the type and effects of industrial wasteshen t
treatment process. In some cases it may be negetsspretreat industrial or other discharges.
Industrial wastes shall not be discharged to ponikhout assessment of the effects the
substances may have upon the treatment processmradge requirements in accordance with
state and federal laws.]

(H) Additional Treatment. Consideration should beg in the design stage to the utilization of
additional treatment units as may be necessanett applicable discharge standards (see
paragraph (4)(A)3. of this rule).

(6) [Pend] Lagoon Construction Details.
(A) Embankments and Dikes.

1. Material. Dikes shall be constructed of reldinmpervious material and compacted to at
least ninety-five percent (95%) stand@ifdocter] Proctor density to form a stable
structure. Vegetation and other unsuitable mateshéll be removed from the area where
the embankment is to be placed.

2. Top width. The minimum dike width shall be eifet (8'){(24-m)} to permit access of
maintenance vehicles.

3. Maximum slopes. Inner and outer dike sloped simalbe steeper than three horizontal to one
vertical (3:1).

4. Minimum slopes. Inner slopes should not bedtathan four horizontal to one vertical (4:1).
Flatter slopes can be specified for larger ingialts because of wave action but have the
disadvantage of added shallow areas being condt@iemergent vegetation. Outer slopes
shall be sufficient to prevent surface runoff frentering thdpends] lagoons

5. Freeboard. Minimum freeboard shall be two fagf{0-6-m)]. Forfvertarge-cellsicells
greater than ten acres; three feet (3'2-0-+)} should be consideret@ihe potential for
wave action can be modeled with the windrose.

10
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6. Design depth. The minimum operating depth shbeldufficient to prevent growth of
aquatic plants and damage to the dikes, bottonraaiructures, aeration equipment and
other appurtenances. In no case should pond deptless than two feet (20-6-w)]. The
design water depth for aerated lagoons shouldrb®téfteen feet (10-15§3—4-5-w)]

This depth limitation may be altered dependinghenaderation equipment, waste strength,
climatic conditions and geologic conditions.

7. Erosion control. A justification and detaileddission of the method of erosion control
which encompasses all relative factors sucipasd] lagoonlocation and size, variations in
operating depths, seal material, topography, pliegaiinds, cost breakdown, application
procedures, etc., shall be provided.

A. Seeding. The dikes shall have a cover layeexfi¢ topsoil with a minimum
thickness of four inches (4f§106-em)] to promote establishment of an adequate
vegetative cover wherever riprap is not utilizedoPto prefilling (in accordance with
paragraph (6)(C)3. of this rule), adequate vegmiathall be established on dikes from
the outside toe to one foot (1) above the water theasured on the slope. Perennial-
type, low growing, spreading grasses that minimizsion and can be mowed are
most satisfactory for seeding of dikes. In genetifdifa and other long-rooted crops
should not be used for seeding since the rootsi®type are apt to impair the water
holding efficiency of the dikes. Alternate dikelstazation practices may be
considered if vegetative cover cannot be estaldighior to prefilling.

B. Additional erosion protection. Riprap or somkastacceptable method of erosion
control is required as a minimum around all pipémgrances and exits. For aerated
cell(s) design should ensure erosion protectiotherslopes and bottoms in the areas
where turbulence will occur. Additional erosion tmhmay also be necessary on the
exterior dike slope(s) to protect the embankmeifitésh erosion due to severe
flooding of a water course.

C. Alternate erosion protection. Alternate erosiontrol on the interior dike slopes may
be necessary for ponds which are subject to sew&ve action. In these cases riprap
or an acceptable equal shall be placed from one(19d3-m)} above the high water
mark to two feet (2')6-6-m)] below the low water mark (measured on the vertical)
[This protection should also be provided in therage cells of a controlled discharge
(four (4)-cell) pond and the third cell of a flolwrbugh pond (three (3)-cell) where
large fluctuations in operating depths will occur.]

8. Emergency Spillway. For no discharge lagoons firevent overtopping and cutting of
berms, an emergency overflow shall be provided. Thepillway shall—

A. Be located in the location with the minimum amout of constructed earthen fill;

B. Provide passage of liquid at a safe velocity #point outside of the berm(s);

C. Have a minimum bottom width of ten feet (10") ad a minimum depth of one

foot (14;

D. Be compacted and vegetated or otherwise constited to prevent erosion due to

possible flow; and

E. Have the ability to be collect a representativeample if discharging.

(B) [Pond] Lagoon Bottom.

1. Soil. Soil used in constructing tgEend} lagoonbottom (not including the seal) and dike
cores shall be selected to avoid settlement. 8all be compacted with the moisture content
between two percent (2%) below and four percent) @6ve the optimum water content and
to the specified standafBrocter] Proctor density but no less than ninety-five percent (95%)
standardProcter] Proctor density.Any soil borings and tests to determine
characteristics of surface soil and subsoil shalldomade part of the summary of design
data. The bottom should be cleared of vegetation drdebris.

11
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2. All lagoonsshall be sealed so that seepage loss through thelds as low as possible. The
lagoonseal shall cover the bottom and extend up the innatike slope to where the side
slope intersects with the top of the dike. Seals esisting of soils, asphalt, soil cement or
synthetic liners may be used provided the permealiy, durability and integrity of the
proposed materials can be satisfactorily demonstrat for anticipated conditions.
Bentonite, soda ash or other sealing aids may beagsto achieve an adequate seal in
systems using soil.

A. The design permeability of the lagoon seal sHalot have measured percolation
losses exceed one-sixteenth inch (1/16") per dayr@ere or thirty-five hundred
(3500) gallons per acre per day, whichever is lower

1. In areas where there is a potential for groundwir contamination,
justification shall be provided before measured pegolation losses will be
allowed to exceed five hundred (500) gallons per @cper day and in no case
shall percolation losses exceed seventeen hundréd@@0) gallons per acre per
day.

2. Whenever industrial wastes comprise twenty percg (20%) or more of the
wastewater flow or contains parameters that are lezhable, the department
may reguire more stringent seepage limitations antiner design
considerations.

B. Soils having a permeability coefficient of 16 centimeters per second or less
with a compacted thickness of twelve inches (12")ilvbe acceptable as a pond
seal for water depths up to five feet (5') and foseepage losses less than five
hundred (500) gallons per acre per day. For permeality coefficients greater
than 10" centimeters per second (cm/sec) or for heads oviéve feet (5') such as
an aeratedlagoonsystem, the following equation shall be used to deimine
minimum seal thickness:

Hx K

5.4 x 10’ cm/sec
where
K = the permeability coefficient of the soil in qustion;
H = the head of water in the pond; and
t = the thickness of the soil seal.

C. All lagoonsshall be prefilled to protect the liner, to preventweed growth, to
reduce odor, to allow measurement of percolation kses and to maintain
moisture content of the seal.

3. Design. The following criteria are for design ad construction of soil liners. Engineering
reports, plans and specifications should address éise criteria.

A. The soils used for construction of a wastewatestabilization pond liner should
meet the following minimum specifications:

1. Be classified under the Unified Soil Classificain Systems as Cl, Ch, Gc or
Sc;

2. Allow more than fifty percent (50%) passage thragh a No. 200 sieve;

3. Have a liquid limit equal to or greater than thity (30);

4. Have a plasticity index equal to or greater thatwenty (20); and

5. Have a coefficient of permeability equal to ordss than 1 x 10 centimeters
per second when compacted to ninety percent (90%j standard proctor
density with the moisture content between two perce (2%) below and four
percent (4%) above the optimum moisture content;

12
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B. The minimum thickness of the liner is twelve inkes (12"). For soils which have a
coefficient of permeability greater than 1 x 10 centimeter per second, liner
thickness of more than twelve inches (12") may besguired as set forth in
subparagraph (13)(A)4.B. of this rule;

C. Normal construction methods will include scarifcation and compaction of base
material to ninety percent (90%) standard proctor censity at a moisture content
that allows the material to be plastic. Constructia of the liner material should
be at a moisture content between two percent (2%)dbow and four percent (4%)
above optimum and compaction of lifts generally noexceeding six inches (6") to
greater than ninety percent (90%) standard Proctordensity. Maximum rock
size should not exceed one-half (1/2) of the thickss of the compacted lift. The
completed seal shall be maintained at or above ttaptimum water content until
the lagoon is prefilled in accordance with this rug; and

D. If bentonite is proposed to be part of the lineconstruction, the following must
be considered:

1. The bentonite should be high swelling and freddwing for uniform
application. The application rate should be a mininam of two pounds (2
Ibs.) per square foot. The water content of the sebentonite mixture should
be at or up to four percent (4%) above the optimunfor maximum
compaction;

2. The bentonite should be spread with equipment #t provides uniform
application and minimizes wind drift. The application shall be split, so that
one-half (1/2) is applied in one direction and theemaining half in a
perpendicular direction on the lagoon floor and diles. The bentonite shall be
mixed into the soil to a uniform depth of at leasfour inches (4") and the
liner should be compacted to at least ninety perceii90%) standard Proctor
density without the use of a sheepsfoot roller. Theompleted liner shall be
covered with at least four inches (4") of fine texired soil and the liner shall
be hydrated with fresh water prior to introduction of wastewater and kept
at or above optimum water content until thelagoonis prefilled; and

3. At sites where the soils are considered to begrggated cherty clays, the
lagoon bottom below the bentonite seal should betleér constructed as
embankment or scarified to a depth of twelve inchegl2") and compacted in
six-inch (6") lifts to at least ninety percent (90% standard proctor density.
At least four inches (4") of fine soil shall be plaed on top of the compacted
pond bottom for mixing with the bentonite. The maximum size of rocks in
the fine soil used for covering the soil-bentoniténer and in the soil-
bentonite mixture should be one inch (1").

4. Synthetic Liners. Requirements for thickness ofynthetic seals may vary due
to liner material but the liner thickness shall beno less than two-hundredths
inch (.02") or twenty (20) mil. Consideration shoutl also be given to liners
containing reinforcement in appropriate situations,such as sidewall slopes
steeper than one to three (1:3) or lagoon depths gater than six feet (6').
Also in areas of cherty or gravelly soils, considation should be given to
using a geotextile under the liner or very thick ptyethylene (80 mil) liners.
Special care must be taken to select the appropri@tmaterial to perform
under existing conditions.

13
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A. Proper site preparations for synthetic liners ae essential. The subsoil
bed shall be sufficiently prepared to insure that & holes, rocks, stumps
and other debris are eliminated. The subsoil shalie sieved or the area
raked after grading to provide a smooth, flat surfae free of stones and
other sharp objects. A bedding of two to four inche (2—4") of sand or
clean soil free of stones greater than three-eighstinch (3/8") or other
sharp objects shall be provided. Soil shall be wetlompacted and
sterilized to kill vegetation. If gas generation fom decaying organic
material or air pumping from a fluctuating groundwater table is a
potential problem, a method of gas venting must bproposed. The
method utilized will be dependent on the existinganditions at the site.

B. Liner panels should be laid out to minimize seamwith an overlap of
four to six inches (4—-6")or the manufacturer’s recommendations
Careful application of the seaming method is essdat. The anchor
trench should have a minimum six-inch (6") depth ad be placed at least
nine to twelve inches (9-12") beyond the slope brkat the dike. Care
must be exercised in the backfilling of the anchotrench to insure the
liner is not damaged. To prevent erosion, mechanitdamage to the liner
and hydraulic uplifting of the liner, a minimum backfill of twelve inches
(12") of sand or finely textured soils on the top bthe liner is
recommended on the pond floor. On the side slopeli$ should consist of
a minimum twelve-inch (12") primary fill of finely textured soil and
possibly a minimum six-inch (6") secondary fill ofrip-rap.

C. All seams should be inspected and the inspectioaports should be
submitted to the department prior to seepage testmif required. It is
recommended that installation be done by contracta familiar with
potential problems which can be encountered.

D. Where liners are used in storage or treatment ksns for wastewaters of
an industrial nature, the summary of design data sall document that
the liner or storage structure material is capableof containing the
wastewater for at least twenty (20) years and shadpecify repair or
replacement procedures in the event of leakage oacthage to the seal.
Secondary containment or leakage detection and cetition devices shall
be considered for corrosive or reactive wastewateiand for toxic
materials. The department may require leakage testg and submittal of
density tests and/or coefficient of permeability orthe finished liner prior
to placing the structure into operation.

[(C) Seal

1. Design. Ponds shall be sealed so that seepagedtoough the seal is as low as practicably pdesib
Seals consisting of soils or synthetic liners maybed provided the permeability, durability, intgg

and cost effectiveness of the proposed materialdeasatisfactorily demonstrated for anticipated
conditions. Bentonite, soda ash or other sealinfp anay be used to achieve an adequate seal imsyste
using soil. Results of a testing program which titsates the adequacy of the proposed seal must be
incorporated into and/or accompany the engineeriggprt. Standard ASTM procedures or other
acceptable methods shall be used for all testds 8aving a permeability coefficient of 10- cm/eetess
with a compacted thickness of twelve inches (130)5 cm) will be acceptable as a lagoon seal fotewa
depths up to five feet (5') (1.5 m). For permegpibefficients greater than 16™**or for heads over
five feet (5') (1.5 m) such as an aerated lagoatesy, the following formula shall be used to deteem
minimum seal thickness:

Hx K

t=

5.4 x 1d cm/sec

14
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where:

K = the permeability coefficient of the soil in gtien;

H = the head of water in the lagoon; and

t = the thickness of the soil seal.

2. Normal construction methods will include ovecaration below grade level of twelve inches (12")
(30.5 cm), scarification and compaction of basearial to ninety-five percent (95%) standard Procter
density at moisture content between two percen) (%ow and four percent (4%) above optimum, and
compaction of lifts generally not exceeding sihas(6") (15.2 cm) to ninety-five percent (95%)
standard Procter density at moisture content betwe® percent (2%) below and four percent (4%)
above optimumMaximum rock size should not exceed one-half (f/#)e thickness of the compacted
lift. The cut face of dikes must also be over-eatsa/and compacted in lifts not to exceed six ian¢hg)
(15.2 cm) per lift.Soils containing plastic clay may be excluded fthis construction requirement on a
case-by-case basis based on particle size anaysiAtterburg limits. In fact, with some clay spils
satisfactory construction cannot be obtained byr-@xeavation and recompactiorConstruction control
must include field density. A minimum of two (2)sity tests per acre or not less than three (3psterust
be performed for the base and each lift. Permegitifists of field compacted material may be peréatm
at the option of the consulting engineer.

3. Prefilling. The pond shall be prefilled in ordeer protect the liner, to prevent weed growth,educe
odor, to allow measurement of percolation losse$tamaintain moisture content of the seal. Howgver
the dikes must be completely prepared as desciibsgbparagraphs (6)(A)7.A. and/or B. of this rule
before the introduction of water. If the lagoontbat is allowed to dry, the seal must be recompaased
required in paragraph (6)(C)2.

4. Percolation losses. Measurement of percolatimsés shall consider flow into and out of the lagoo
rainfall and evaporation, and changes in water ledeasured percolation losses in excess of one-
sixteenth inch (1/16") (1.6 mm) per day will be sidered excessive.]

KBYHC) Influent Lines.

1. Material. Cast- or ductile-iron pipe;; polyvinyl chloride €900 or C905should be used for
the influent line to thépend} lagoon Unlined corrugated metal pipe should be avoidesl d
to corrosion problems. Other materials selectell brasuited to local conditions. In
material selection, consideration must be givetiiéoquality of the wastes, exceptionally
heavy external loadings, abrasion, soft foundataomssimilar problems.

2. Manhole. A manhole shall be installed prior mr@nce of the influent line into the primary
cell(s) and shall be located as close to the dikimpography permits. Its invert shall be at
least six inches (6')35-em)] above the maximum operating level of the pond aodige
sufficient hydraulic head without surcharging thanole Manholes shall be installed per
the requirements of 10 CSR 20-8.xxx(X).

3. Flow distribution. Flow distribution structureball be designed to effectively split hydraulic
and organic loads equally to the primary cells.

4. Influent line(s). The influent line(s) shall lmeated along the bottom of theord} lagoon
so that the top of the pipe is just below the ageraevation of the pond seal; however, the
pipe shall have adequate seal below it.

5. Point of discharge. All primary cells shall handividual influent line(s) which terminate at
approximately the center of the cell so as to minénshort-circuiting. Consideration should
be given to multi-influent discharge points formary cells of twenty (20) acré&
heectares)]or larger to enhance distribution of the waste loadhe cell. All aerated cells
shall have influent lines which distribute the lamithin the mixing zone of the aeration
equipment. Consideration of multi-inlets shoulcchesely evaluated for any diffused
aeration systems.
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6. Influent discharge apron. The influent line(salsdischarge horizontally into the shallow
saucer-shaped depression. The end of the discliae¢e) shall rest on a suitable concrete
apron large enough so that the terminal influetiorty at the end of the apron does not
cause soil erosion. A minimum size apron of twd {2§ (0.6 m) square shall be provided.

7. Flow measurement. Influent flow measurement deges shall be installed with
accordance to 10 CSR 20-8.140(8)(1).

(E) Control Structures and Interconnecting Piping.

1. Structure. Facilities design shall considerubte of multipurpose control structures, where
possible, to facilitate normal operational funci@uch as drawdown and flow distribution,
flow and depth measurement, sampling, pumps faraation, chemical additions and
mixing and to minimize the number of constructideswithin the dikes. As a minimum,
control structures shall be accessible for maimteaand adjustment of controls; adequately
ventilated for safety and to minimize corrosiorgked to discourage vandalism; contain
controls to allow water level and flow rate contrmdmplete shut off and complete draining;
constructed of noncorrosive materials (metal orafreintact in controls should be of like
alloys to discourage electrochemical reactions);lanated to minimize short-circuiting
within the cell and avoid freezing and ice damd&yecommended devices to regulate the
water level are valves, slide tubes or dual sliakes) Regulators should be designed so that
they can be preset to stop flows at gsgrd}-lagoonelevation.

2. Piping. All piping shall be of cast-iron or ottezceptable materials. The piping should not
be located within the seal. Seep collars shallrbgiged on drain pipes where they pass
through thdpend}-lagoonseal. Backfill around the drain pipe shall be pthaed compacted
in the same manner as fip@nrd}-lagoonseal. Pipes should be anchored with adequate
erosion control.

A. Drawdown structure piping.

(I) Multilevel outlets. The outlet structure on bgmnd cell, except aerated cells,
shall be designed to permit overflow at one-foOt{{B9-5-em)] increments
between the two foot (2Z§6d-em)] level and the maximum operating level.
Suitable baffling shall be provided to prevent Hage of scum or other
floating materials. Means must be provided to pnéwmauthorized variance of
the lagoon depth. A flap valve shall be providethatoutlet end of the final cell
overflow or drain pipe to prevent entrance of anénua backwater from
flooding.

(1) [Pond] Lagoon drain. All fpends] lagoonsshall have emergency drawdown
piping to allow complete draining for maintenanthese should be
incorporated into the previously described strieguSufficient pumps and
appurtenances shall be made available to facikitet®ming of individual
fpends] lagoonsif [ponds]lagoonscannot be drained by gravity.

(I Emergency overflow. To prevent overtoppingdikes, emergency overflow
should be provided.

B. Hydraulic Capacity. The hydraulic capacity fenstant discharge structures and
piping shall allow for a minimum of two hundredtyifpercent (250%) of the design
flow of the system. The hydraulic capacity for cotied discharge systems shall
permit transfer of water at a minimum rate of sighes (6"}{15-2-em)] of {pend}
lagoonwater depth per day at the available head.

[(7) Submerged Sand Filters.

(A) Applications. Submerged sand filters may bel fisesolids and BOPremoval following waste
stabilization ponds and are considered to be bathira lagoon cell and solids removal facility when
designed according to the parameters in subse¢#j(B) of this rule.

(B) Design Details.
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1. Following nonaerated waste stabilization poritie, loading shall not exceed five (5) gallons pay d
per square foot (.2 th’/day) of sand. Following aerated waste stabilizagmnds, the loading shall not
exceed fifteen (15) gallons per day per square f@ati/mf/day) of sand.

2. Clean graded gravel, preferably placed in atsketiiree (3) layers should be placed around the
underdrains and to a depth of at least six incl&&} (L5 cm) over the top of the underdrains. Sutggkes
gradings for the three (3) layers are: one and biadf-inches to three-fourths inch (1 1/2"-3/4")d&m-
1.9 cm), three-fourths inch to one-fourth inch (344") (1.9 cm-.6 cm) and one-fourth inch to one-
eighth inch (1/4"-1/8") (.6 cm—.3 cm).

3. At least twenty-four inches (24") (0.6 m) ofadlevashed sand should be provided. The sand should
have an effective size of 0.3—-1.0 mm and a unifprcoefficient of 3.5 or less.

4. Open-joint or perforated pipe underdrains mayused. They should be spaced not to exceed ten-foot
(10" (3.0 m) center-to-center.

5. The earth base of the filters should be slopatie underdrains or the underdrains may simply be
placed in the gravel base on the flat bottom ofitasin.

6. The depth of liquid above the sand must be taljlesfrom one to five feet (1-5") (.3 m—1.5 m).

7. At least two (2) cells must be provided withabmbined capacity equal to that necessary for the
design loading.

8. A vehicle access ramp from the top of the emthankdown to the sand surface and running along one
(1) side of the filter is a desirable feature farjpdic maintenance of the filter.]

[(8) Miscellaneous.

(A) Fencing. The pond area shall be enclosed withdequate fence to discourage trespassing and
prevent entering of livestock. Minimum fence hegifatll be five feet (5) (1.5 m). The fence magflibe
chain link or woven type. Fencing shall not obstnhicle traffic or mowing operations on the dike.
vehicle access gate of sufficient width to acconatehowing equipment shall be provided. All access
gates shall be provided with locks.

(B) Access. An all-weather access road shall beigeal to the pond site to allow year-round
maintenance of the facility.

(C) Warning Signs. Appropriate permanent signsidbabrovided along the fence around the pond to
designate the nature of the facility and adviseimsgfatrespassing. At least one (1) sign shall bevjored
on each side of the site and one (1) for everytivedred feet (500" (150 m) of its perimeter.

(D) Flow Measurement. Refer to 10 CSR 20-8.140(8)(G

(E) Groundwater Monitoring. An approved systemrougdwater monitoring wells or lysimeters may be
required around the perimeter of the pond siteatrlitate groundwater monitoring. The use of wells
and/or lysimeters will be determined on a case-dsedasis.

(F) Laboratory Equipment. Refer to 10 CSR 20-8.810)).

(G) Pond Level Gauges. Pond level gauges shalrdédged.

(H) Service Building. Consideration in design slibioé given to a service building for laboratory and
maintenance equipment.]

(7) Lagoon Retrofits
(A) Baffles

1. The purpose of a baffle is to divide a cell witiow diversion baffles to restores the cells
full design hydraulic retention time by preventingretention time lost due to short-
circuiting. The installation of baffles can also baised to isolate a guiescent settling zone
in the lagoon system or to introduce a complete mzone to increase the removal
capacity of a lagoon system that is short on reteian time.

2. Floating baffles shall be constructed to the mariacturer’s specifications. The floating
baffles shall depend on a primary bottom-anchored ésign for maximum resistance to
loads encountered in industrial or municipal lagoos.

3. Baffles shall conform to the side slopes of lago where they meet the berm.

4. The flotation collar of the baffle shall be cortsucted using a long polystyrene foam logs
or equivalent sealed in a chamber of the specifiduhffle curtain material. The flotation
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material shall be closed cell polystyrene foam (préding a minimum buoyancy of sixty
pounds per cubic foot (60 Ibs./ .
(B) Covers.

1. Membrane covers, either permeable or impermepdien-used-en-an-earthen-basin
manure-sterage-system, $hall be constructed of high density polyethyleédBPE) and have
a minimum thickness of 2 mil and be ultraviolet avehther resistantOther covers may be
approved for use on a case-by-case situation by thepartment.

A. The HDPE cover shall be secured at the lag@simter utilizing an anchor trench.

B. The anchor trench shall be constructed with dedncorners in order to avoid sharp
bends or per the manufacturer’'s recommendations.

2. Seams

A. Large rocks and other objects shall be removeah tthe trench sides.

B. Extrusion and fusion welding shall be used feldf seaming.

C. Trial seams shall be used to verify acceptam@&e@nmental conditions. Specimens
of the trial seam shall be tested in shear andysey a field tension meter. The
seaming equipment shall not be used if the spedifaghthe testing.

D. The cover shall include atleast-six inch (6") sample ports that will be used to
retrieve wastewater and-sludge samples from theoldg contents. The sample ports
shall prevent the escape of biogas while the gaspen. Each port shall have a
secured cover or cap.

E. The cover shall include at least three manwaghes located along or near the center
of the lagoon..Each hatch shall have a secured cowep.

3.Biogas. The cover shall include all necessarlectibns piping and other conducts to collect
and convey the generated biogas handling systesgaBicollection within the cover shall
include a central collection conduit located alongiear the centerline of the lagoon. This
central collection conduit shall allow easy remasfadjenerated gas from the central portion
of the lagoon. The gas collection and handlingngmshall be HDPEstainless steel, or
another department approved method

4. Stormwater removal. The cover shall includeoanstwater removal system that conveys
collected precipitation to sumps or includes drgeareas in the membrane within the
acceptable leakage rate to allow stormwater to frao the lagoon.. The distance between
sumpsshould not exceed 50 ft. The sumps shall be located &adtions expected to
accumulate storm water. Each sump shall dischaegedllected storm water to the lagoon
contents.

(8) Supplemental Information for Surfatand Application System.

(A) Location. A copy of the USGS topographic map ofhe area (seven and one-half (7 1/2)-
minute series where published), similar map or aeal photograph showing the boundaries
of the spray field and the distance to the property line.

(B) A topographic map of the total area under consleration by the applicant at a scale of
approximately one inch toone hundred feet(1": 100) with appropriate contour interval. It
should show all buildings, the waste disposal syste the spray field boundaries and buffer
zone. An additional map should show the spray fieltbpography in detail with a contour
interval of two feet (2') and include buildings andand use on adjacent lands within one-
fourth (1/4) mile of the project boundary.

(C) Water supply wells which might be affected shabe located and identified as to uses—for
example, potable, industrial, agricultural and clas of ownership; for example, public,
private, etc.

(D) All abandoned wells, shafts, etc., where pos$# should be located and identified. Pertinent
information thereon shall be furnished.

(E) Geology.

1. Geologic formation’s name and the rock types ahe site.
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2. Degree of weathering of the bedrock.

3. Character and thickness of the surficial deposit

4. Local bedrock structure including the presencefdaults, fractures and joints.

5. The presence of any solution openings and sinKles in carbonate terrain.

6. The source of the information above. must be incated.

7. Hydrology.

A. The depth to seasonal and permanent highwater des (perched and/or
regional) must be given, including an indication okeasonal variations.

B. When there is an indication through the geologic athsoil testing that
contamination of a drinking water supply is a posdility, within a half mile of
the proposed sitethe direction of groundwater movement and the poir(s) of
discharge must be shown on one (1) of the attachethps.

C. When there is an indication through the geologic ahsoil testing that
contamination of a drinking water supply is a posdility, within a half mile of
the proposed site, chemicahnalyses indicating the quality of groundwater athe
site must be included.

D. The following information shall be provided from existing wells and from the
test wells as may be necessanyhere it isreadily available:

1. Construction details—where available. Depth, weklog, pump capacity,
static levels, pumping water levels, casing, grouaterial and the other
information as may be pertinent; and

2. Groundwater quality. For example, nitrates, totd nitrogen, chlorides,
sulfates, pH, alkalinities, total hardness, colifom bacteria and metal ions.

E. A minimum of one (1) groundwater monitoring well where deemed necessary
by the Missouri Geological Survey must be drilled in each dominant direction
of groundwater movement and between the project gtand public well(s)
and/or high capacity private wells with provision br sampling at the surface of
the water table and at five feet (5') below the wat table at each monitoring site.
The location and construction of the monitoring wels) must be approved by the
department. These may include one (1) or more of ¢htest wells where
appropriate.

8. Evaluation of Effluent to be Applied. Representtive samples are essential to properly
evaluate the effluent.For evaluation for the design of a treatment plantyepresentative
grab or composite samples should be collected ovibre variety of operating conditions.

A. For lagoons with long detention time or storag@eriods, a grab sample of the
effluent may be appropriate.

B. With lagoons with short detention time, or withhighly variable influent, or with
industrial components, a representative, twenty-fou(24) hour composite
sample proportioned to the rate of flow may be neestl.

C. Besides characterizing the effluent of an existg system, influent
characterization shall be completed.

D. Analyses which will be of major importance will befor ammonia as N
biochemical oxygen demand (BOD)otal suspended solid (TSS), sodium,
calcium, magnesium, electrical conductivity (EC)npitrate, total Kjeldahl
nitrogen, pH, phosphorous, metal ionsporon and fluoride.

E. For systems receiving flows over two hundred thousel gallons per day (200,000
gpd) or_receiving industrial wastes, the sodium aworption ratio shall be

determination:]
9. Soils. All soils investigation shall be perforneby a qualified soil scientistor reqistered
geologist
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A. A soils map should be furnished of the spray fld, indicating the various soil
types. This may be included on the large-scale togmphic map. Soils
information can normally be secured through thefJSBA-Sei-Censervation
Service]National Resources Conservation Service (NRCS)

B. The soils should be named and their texture desbed.

C. Slopes and agricultural practice on the spray &ld are closely related. Slopes on
cultivated fields and forested slopes should be lited to ten percent (10%).
Slopes on sodded fields and some seasonal operasion cultivated fields or
forested slopes should be limited téfteen percent (15%) or less.For slopes
greater than fifteen percent (15%),justification shall be provided, conservation
practices shall be employed, and application shatle on sodded fields

D. The thickness of soils should be indicated. Indate how determined.

E. Data should be furnished on the exchange capagiof the soils. In cases of
industrial wastes patrticularly, this information must be related to special
characteristics of the wastes.

F. Information must be furnished on the internal ard surface drainage
characteristics of the soil materials. Location andlepths to impermeable or
restricted horizons should be indicated.

G. Proposed application rates should take into coideration the drainage and
permeability of the soils, the distance to the watdable and for no observable
runoff to occur.

9. Agricultural Practice.

A. The present and intended soil-crop management pctices, including forestation,
shall be stated.

B. Pertinent information shall be furnished on exiting drainage systemsincluding
information on the subsurface or surface practicedile drainage, intermittent
flows, and Dractlces emDIoved such as caDDInq ofléxs. {G—When—eumva&ed

10. Adjacent Land Use.

A. Present and anticipated use of the adjoining lads must be indicated. This
information can be provided on one (1) of the mapand may be supplemented
with notes.

B. The plan shall show existing and proposed scregrbarriers or buffer zones to
prevent blowing spray from entering adjacent land aeas.

C. If expansion of the facility is anticipated, thdands which are likely to be used
must be shown on the map.

(9.) Surface Land Application of Wastewater. The smmary of design data and general layout shall
contain pertinent information on the proposed sitdncluding location, geology, soil conditions,
area for expansion, groundwater conditions and othefactors which may affect the feasibility
and acceptability of the proposal. The summary of ésign data shall also includg@reliminary
treatment received in at the wastewater treatmentdcility and storage requirements, the
design application rates and monitoring, applicatio equipment, and operation and
maintenance requirements. The source should be givdor information used by the consultant
in design.

(A) Site Considerations. The following informationconcerning the site shall be provided:
1. Legal description of the disposal site;
2. The location of all existing andplatted residences, commercial or industrial
developments, roads, ground or surface water supgs and wells withina quarter
(1/4) mile of the proposed site;
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3. Available land area, both gross and net areasxXeluding roads, right-of-way

encroachments, stream channels and unusable soils);

4. Distance from thewastewater treatmentand the storage facilities to the application site

including elevation differential;

5. Proximity of site to industrial, commercial, resdential developments, surface water
streams, potable water wells, public use areas suels parks, cemeteries and wildlife
sanctuaries;

. Present and the futureknown or expectedland and groundwater uses;

. A summary describing the existing vegetation dhe area;

. A description including maps showing elevationand contours of the site and adjacent
areas which may be suitable for expansion. Specifisformation on the maximum and
average slopes of the site must be provided; and

9. The departmentfmay] requires a geological evaluation of the proposedhd application

site prepared byMissouri Geological Survey fA-geelogicreportis-not-reguired-for

sirshe i

o0 ~NO®

(B) Wetted Application Area. The wetted applicationarea is the land area which is normally
wetted by wastewater application. The wetted applation area must conform to the following
criteria:

1. Flood-prone areas which flood at a frequency geger than once every ten (10) years
should not be the sole source of land application;

2. The wetted application area shall be established

A. At least one hundred fifty feet (150') from exsting dwellings or public use areas,
excluding roads or highways;

B. At least fifty feet (50") inside the property Ine;

C. At least three hundred feet (300" from any sinkholglosing stream or other
structure or physiographic feature that may providedirect connection between
the ground water table and the surface;

D. At least three hundred feet (300") from any existig potable water supply well
not located on the property. Adequate protection sl be provided for wells
located on the application site; and

E. One hundred feet (100" to wetlands, ponds, gaimg streams (classified or
unclassified; perennial or intermittent).

3. Setback distances shall not be decreased to léasn thirty-five feet (35") with an
established vegetated buffer or if the wastewatesidisinfected prior to application. The
reduction of setback buffer distances shall include vegetated buffer or disinfection
and the construction permit application shall inclwe information on the prevailing
winds, operational techniques to be employed, topeaphical information and other
environmental factors.

4. The application area should be fenced and postedong public roads and public use
areas.

A. Fencing is not required if the wastewater is disirécted prior to application or if
other suitable barriers are provided or if the wetied application area is located
in areas where access is limited.

B. A minimum of one (1) sign should be placed on eadide of the application
area. The perimeter distance between any two (2)gsis should not exceed five
hundred feet (500'). Each sign should clearly ideify the nature of the facility
and advise against trespassing in letters not lezan two inches (2") high.
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C. Suitable barriers include areas where is applicatio areas located within areas
with restricted access, fields reasonably not expisel to have public present. If
not proposing fencing, the construction permit apgkation or the facility plan
must provide information demonstrating that public access is limited and not
expected to be there.

(C) Preapplication Treatment.. As a minimum, treatment prior to land application shall
provide treatment equivalent to that obtained froma primary wastewater lagoon cell
designed and constructed in accordance with sectidf) of this rule, except that the lagoon
depth may be increased to include wastewater storagon top of the primary volume.

1. The storage basins shall be based on the desigastewater flows and net rainfall minus
evaporation expected for a one (1) in ten (10) yeaeturn frequency for the storage
period selected.

2. The storage volume for wastewater stabilizatiofagoons shall be calculated based on
the useable volume above the two-foot (2') levelh&se requirements assume that a
permanent cover crop is in place and the primary prpose of the system is wastewater
treatment. If the system uses row crops, or crop mduction is the primary goal,
storage should be increased to correspond with crgpanting and harvesting schedules.

3. For facilities that employ a part-time operatot lease land application fields, have
highly variable influent flow, or experienced disclarges, consideration should be given
for increasing the minimum storage of the basins bwt least thirty (30) days to ensure
the facility has sufficient storage.

A. The minimum total days’ storage required for no dishargefacilities located
south of Highway 60 issixty (60) days

B. The minimum total days’ storage required for nodischarge facilities located
north of Highway 60 and south of Highway 50 is sewy-five (75) days.

C. The minimum total days’ storage required for nodischarge facilities located
north of Highway 50 and south of Highway 36 is ninty (90) days.

D..The minimum total days’ storage required for nodischarge facilities located
north of Highway 36 is one hundredwenty (120) days

E. An exception to this is a system where flows are gerated only during the
application period. A storage capacity of forty-five (45) days or the flow
generated during the period of operation, whichevers less, must be provided.

(D) Application Rates and Soils Information Application rates shall be determined for each
individual site based on topography, soils, geologhydrology, weather, agricultural practice,
adjacent land use and application methodFor the range of flows covered by this rule, the
maximum application rate for typical domestic wastewater shall béventy-four inches (24")
of applied wastewaterper year depending on soil characteristics. For higer application rates
than twenty-four inches per year, additional soils and geologic informationdetailed site
specific design proposals and supporting documentan shall be submitted to justify the
proposed design.

1. Application rate. The application rate consist®f an hourly application rate in inches
per hour and daily, weekly and annual application ates in inches per acre. Application
of wastewater will not be allowed during periods ofyround frost, frozen soil,saturated
conditions, or during rainfalls. The following shall apply to design application rates:

A. The hourly application rate should not exceed tb design sustained permeability
rate except for short periods when initial soil masture is significantly below
field capacity. The hourly rate shall not exceed agrhalf (*2) the design sustained

permeability for slopes exceeding ten percent (10%)=eowever-in-ne-case-sheould
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B. The daily and weekly application rates should b&ased on soil moisture holding
capacity, antecedent rainfall and depth to the mogtestrictive soil permeability.
For facilities applying at twenty-four inches per \ear, the application rate shall
in no case exceed one inch (1") per day and threeches (3") per weekor
facilities applying above twenty-four inches per var, the application rate shall
not exceed the values determined in the soils regaand loading design

C. The design maximum annual application rate shalhot exceed §range-from-four
pereentto]ten percent (B%—J10%) of the design sustained soil permeability rate
for the number of days per year when soils are ndtozen.

D. In no case shall the application rate result inhe runoff of applied wastewater
during or immediately following application.

2. Crops and vegetation. A description of the croper vegetation to be grown is required
for all systems in which vegetation is to be an iegral part of the treatment system.
This includes all surface irrigation systems. The se of wastewater for irrigation of
truck farms growing vegetables will not be approvedThe following information shall
be provided:

A. Compatibility of the crop with site characteristics and design hydraulic loading
rates;

B. Cultivation and harvesting requirements; and

C. Crop management.

3. Equipment. The following shall be considered ithe design of the land application
equipment:

A. Any spray application equipment specified shalininimize the formation of
aerosols;

B. The pumping system and distribution system shalbe sized for the flow and
operating pressure requirements of the distributionequipment and the
application restrictions of the soils and topograpiy;

C. Provisions shall be made for draining the pipeto prevent freezing if pipes are
located above the frost line;

4. Soils Information. Soil permeability shall be baed on the most restrictive layer in the
top five feet (5') of soil. Soils having permeabily rates of two-tenths to two inches (0.2—
2") per hour are most suitable for irrigation. Values below two-tenths inch (0.2") per
hour may generally require special application equiment, reduced application rates.
Values above two inches (2") per hour will requirereduced application rates to
provide adequate residence time within the soil pifide or will require additional soils
and geologic information for depth to bedrock, deph to water table and recharge
areas.

A. Soils information shall include soil series namesoil texture, soil permeability
and water-holding capacity. If a county soils mapsd available, the approximate
boundaries of the different soils shall be shownf k published soil survey is not
available, the soils shall be classified by a pragsional soil scientist oregistered
geologist In areas of soluble limestone and dolomite, whettbere is a potential
for groundwater contamination, chert or stone contet shall be determined to a
depth of five feet (5'). Depth to restrictive layes such as fragipans or claypans
shall be determined. Recommendations by the MissouGeological Survey for
further soils investigations shall be complied with

B. The wetted application area should have a soil m#e of at least five feet (5')
overlying any sand or gravel strata.
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C. The topography of the site and adjacent land sl be evaluated for areas of
potential erosion. The effects of both applied wastvater and storm runoff shall
be considered. Special consideration should be givéo the period of
construction and system startup when vegetative cev may be lacking or not
fully developed.

5. Nutrient Loading. The summary of design shall inclde the calculations for the total
nitrogen and total phosphorus uptake in the expectevegetation.

A. Nitrogen application rates shall not exceed the ammt of nitrogen that can be
utilized by the vegetation to be grown. Typical dorestic wastewater after lagoon
storage can be expected to contain from five to digmilligrams per liter (58
mg/l) of ammonia nitrogen as N and less than one tigrams per liter (1mg/L)
of nitrate nitrogen as N. Ammonia nitrogen can be dsorbed onto soil particles
and retained in the soil for later use by plants ad microorganisms. However,
nitrate nitrogen is mobile and will readily leach trough the soil profile if
wastewater is applied faster than the vegetation @oil microbes can utilize the
nitrates.

1. Plant Available Nitrogen calculations shall beompleted if the applied
wastewater is expected to provide more than one hdred fifty pounds
(150 Ibs.) of total nitrogen per acre annually orfithe applied
wastewater exceeds ten (10) mg/l of nitrate nitrogeas N.

B. Phosphorus application rates. Phosphorus can lgesent at levels that exceed
the crop requirement when applications are based onitrogen. Phosphorus is
generally thought to be "tied up" in soil and posedittle threat to the
environment as long as soil erosion is controlledt high phosphorus test levels,
however, the potential problems associated with plsphorus movement from
erosion of phosphorus enriched sediment and solutido surface waters are
increased. An agronomic soil test is an index otpsphorus availability. The
test extracts only a small portion of the total amont of phosphorus in the soil as
not all of that P is available for crop growth. Plosphorus tests include the
Mehlich-3 soil test, the Bray-1 and the Olson P tés

6. Trace element loading. Consideration shall be giveto the type and influence of any
industrial wastes contributed to the wastewater stailization pond. Typical domestic
wastewater does not contain amounts of trace substees which are of concern for land
application of wastewater under this rule. Howeverjntroduction of substances, such as
excess sodium, chlorides, boron or other constitu&s) can have an adverse impact on
soils and vegetation. Wastewater suitable for genalrland application shall not exceed
the trace element concentrations in Table 4-5 of &U.S. Environmental Protection
Agency Process Design Manual for Land TreatmentMiinicipal Wastewatef(EPA 625-
1/81-013).

7. Application rates greater than 24 inches per yeaer acre or based on the
recommendations from Missouri Geological Survey stibcomply with the
recommendations for further soils investigations. Tie additional soils investigation
must investigate for further soils investigations Isall be complied with. The additional
information required for a soils investigation shal include the information found in
subsection (x) of this rule.

(E) Grazing and Harvest Deferment Grazing of animals or harvesting of forage crops stuld
be deferred for up to thirty (30) days following watewater irrigation depending upon
ambient air temperature and sunlight conditions. Tte following deferments shall be
considered:

[1. During the period from May 1 to October 30 of eah year, the minimum deferment
from grazing or forage harvesting shall be fourteer(14) days;
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2. During the period from November 1 to April 30 ofeach year, the minimum deferment
from grazing or forage harvesting shall be thirty 30) days; and
3. Grazing of wastewater irrigated land is generail not recommended for lactating dairy
animals unless there has been a much longer defernigeriod. The recommendations
of the State Milk Board shall be foIIowe({ 77777777777777777777777777777 _ _ - -| Comment [D2]: Comment received on the }
(F) Operation and Maintenance. An operation and matenance plan shall be provided to adjusting the grazing deferements?
explain the key operating procedures at a level efgunderstood by the owner and the
operator of the facility. An outline and brief summary of operations shall be provided as part
of the facility plan. A detailed operation and maintenance plan shalléincluded as part of the
submitted plans and at a minimum shall address maintenance @hechanical equipment and
vegetative cover, monitoring, record keeping, opetang procedures, application scheduling
and winterization of the system.
1. Public Access Areas.The wastewater shall be disinfected prior to lan@pplication (not
storage) in accordance with sectiors) of this rule.
A. The wastewater shall contain as few of the ind&tor organisms as possible and
in no case shall the irrigated wastewater contain pre than one hundred twenty-
six (126) Escherichia coliformorganisms per one hundred milliliters (100 ml);
B. The public shall not be allowed into an area wheapplication is being
conducted; and
C. For golf courses utilizing wastewater, all pipig and sprinklers associated with
the distribution or transmission of wastewater shédlbe color-coded and labeled

or tagged to warn against the consumptive use of etents.
Practices. _ _ - | Comment [D3]: Suggestion to add a section on

3. Nighttime Irrigation best management practices that should be considerec
’ . . . . . . e . with land application, specifically on the higher
A. If land applying in evening or nighttime, an aubmatic notification alarm system sloped fields. Ideas?

shall be installed. The alarm system shall be indtad on each pivot and pump
system, and be capable of notifying an on-call opator when a fault occurs in
the system. The alarm system shall also include msure monitoring in case of
line break or other malfunctions that causes leaks.

B. The operations and maintenance manual shall inatle provisions on daily
operator checks of the system to ensure that therigation pumping and pivot
systems are working properly and that there is nounoff from any field where
the irrigating pivot is currently located. The manual shall include provisions for
stress testing the system at least once per seasoensure the alarm system is

operating properly and the system components are igood|condition. _ - -| Comment [D4]: A suggestion was made to
4. System Monitoring.If Missouri Geological Survey recommends a surfacer subsurface fequieiiclemetiyjonlallistrfacellandlapplication
system, which then would remove the restriction fpr
monitoring system, the recommendations shall be fiewed. The operations and nighttime irrigation 03/01/2016

maintenance manual shall |nclude how to monitor the;vstem approprlatelv and at
what freguency

(10) Facility Plan Supplemental for Subsurface Sysims
(A) General
1. Location. A copy of the USGS topographic map dhe area (seven and one-half (7 1/2)-
minute series where published), similar map or aeal photograph showing the exact
boundaries of the spray field.
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2. A topographic map of the total area under consieration by the applicant at a scale of
approximately one inch toone hundred feet(1": 100) with appropriate contour
interval. It should show all buildings, the waste tposal system, the spray field
boundaries and buffer zone. An additional map showl show the spray field
topography in detail with a contour interval of two feet (2') and include buildings and
land use on adjacent lands within one-fourth (1/4jnile of the project boundary.

3. Water supply wells which might be affected shalbe located and identified as to uses—
for example, potable, industrial, agricultural andclass of ownership; for example,
public, private, etc.

4. All abandoned wells, shafts, etc., where possihlshould be located and identified.
Pertinent information thereon shall be furnished.

(B) Geohydrology and Hydrology

1. The supplemental to the Facility Plan shall incide the following geological
information:

A geohydrological evaluation conducted by MissauGeological Survey

Geologic formation’s name and the rock types ahe site.

Degree of weathering of the bedrock.

Character and thickness of the surficial deposi

Local bedrock structure including the presence fofaults, fractures and joints.

The presence of any solution openings and sinkles in carbonate terrain.

The source of the information above. must be indated.

The depth to seasonal and permanent highwater tad$ (perched and/or

regional) must be given, including an indication okeasonal variations.

. When there is an indication through the geologic ahsoil testing that
contamination of a drinking water supply is a posdiility within a half a mile,
the direction of groundwater movement and the poir(s) of discharge must be
shown on one (1) of the attached maps.

J. When there is an indication through the geologic athsoil testing that
contamination of a drinking water supply is a posdiility within a half a mile,
Chemical analyses indicating the quality of groundwter at the site must be
included.

K. The following information shall be provided from existing wells and from the
test wells as may be necessanyhere it isreadily available:

1. Construction details—where available. Depth, welog, pump capacity,
static levels, pumping water levels, casing, gromaterial and the other
information as may be pertinent; and

2. Groundwater quality. For example, nitrates, totd nitrogen, chlorides,
sulfates, pH, alkalinities, total hardness, colifom bacteria and metal ions.

L. As determined necessary by Missouri Geologicalvey in the Geohydrological
Evaluation, a minimum of one (1) groundwater moniteing well shall be drilled
in each dominant direction of groundwater movemenand between the project
site and public well(s) and/or high capacity privaé wells with provision for
sampling at the surface of the water table and aife feet (5') below the water
table at each monitoring site. The location and catruction of the monitoring
well(s) must be approved by the department’s MissauGeological Survey.
These may include one (1) or more of the test wellghere appropriate.

(C) Soils Report

1. Soils. All soils investigation should be perfored by a Missouri qualified soil scientist or

registered geologistThe soils report can be generated only after a thaugh, systematic
investigation of the soil properties and landscapeia the proposed development. Soil
observation pits (backhoe or hand dug) dug to a dép to reveal the major soil horizons
shall be utilized.

TEMMOO®P
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2. The soils report resulting from the investigatio shall include the following information
as part of the Facility Plan
A. A site drawing. The site drawing shall be scatkor include sufficient dimensions

to identify locations of all soil borings and/or exavations, locations of the
representative area for described soil borings andf excavations and applicable
site features as determined by the department. Th&oil scientist may use
previously prepared or otherwise available drawingsuch as a survey prepared by
a Missouri registered professional surveyor, an aél photograph or digital
orthophotograph prepared from a geographical information system, or other
similar drawing. The drawing shall include the assesment and documentation of
the following:

B.

1. Any existing dwellings and/or structures and ay proposed dwellings
and/or structures, if known;

2. Any site disturbances such as excavated or fdreas, existing driveways
and other hardscapes and proposed hardscapes, orated site
disturbances, if known;

3. Location of all private water systems, abandorkewells, or geothermal
systems if known, and surface water features on tHet and within three
hundred feet of the areas identified for possibleystem installation;

4. North orientation arrow;

5. Identification of all soil borings and/or excavéions;

6. Identification and dimensions of spatial areasdr which each soil profile
description is representative and where the soil lgacapacity for the
treatment and/or dispersal of effluent. The soil ealuation shall include the
entire lot or sufficient area to support a primary system and replacement
area on the site;

7. Identification of areas with conditions that woudd prohibit or impact the
siting of a treatment system, but not limited to: skholes, wetland
vegetation, bedrock outcrops, areas with a slope gater than fifteen
percent (15%), soils prone to slippage on slopeseagter than eight percent
(8%), and existing or abandoned drainage tiles, inown; and

8. Identification of known, proposed, and/or obsergd easements and right-
of-ways.

Record of the site and soil characteristics foeach soil boring and/or
excavation location designated in this paragraph uisg the nomenclature from
the National Resources Conservation Service (NRC8gld book for describing
and sampling soils, including but not limited to:

1. Site descriptions, including but not limited tg landscape position, slope,
vegetation, drainage features, rock outcrops, erosin and other natural
features;

2. Detailed soil profile descriptions, including lot not limited to, color,
texture, grade, shape, structure, consistence, atide depth of each soil
horizon or layer including fill or mine spoils where present;

3. The identification of limiting conditions;

4. Data should be furnished on the exchange capgcbf the soils. In cases of
industrial wastes particularly, this information must be related to special
characteristics of the wastes.

5. Proposed application rates should take into caideration the drainage
and permeability of the soils and the distance tche water table.

6. If evident or visible, provide documentation ofany relevant surface
hydrology, geologic and hydrogeologic risk factorsuch as bedrock
outcrops, sinkholes or karst features on the spedifsite or in the
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surrounding area that may indicate vulnerability for surface water and
groundwater contamination; and
7. Provide documentation of any geologic risk faots affecting the soil's
ability to treat and/or disperse effluent includingdense tills and fragipan.
3. Soil observation pits (backhoe or hand dug) dutp a depth to reveal the major soil

horizons shall be utilized. The minimum number of jis shall be one every five acres.
The minimum number of soil observation pits may beyreater based upon the
complexity of soils and landscapes within the promed development. These pits may be
supplemented by soil borings to help determine thextent of similar soil properties.

A. Each soil profile description submitted shall nclude the following: describers
name; date described; slope — aspect, gradient, gf@and position; horizon —
nomenclature, depth (thickness), boundary, matrix alor, mottling - quantity,
orientation and size, redoximorphic features — kindguantity and size, texture
- percentage clay and sand (if needed), structuretype, size and grade,
consistence, rock fragment — size and percentageater table — depth and
kind; drainage class; flooding - frequency and duréon; ponding — frequency,
depth and duration; vegetative cover; other pertinat features related to the
treatment and control_of the effluent within the sdls.

B. The soils report shall contain a topographic ma delineating the proposed
development into the following slope categorie©-4%, 4-8%, 8-15% and 15%
and greater.

C. The soils reports shall contain @ map delineat the depth of acceptable soil
into the following categories: less than 18 inche48 to 30 inches over
bedrock, 18 to 30 inches over a limiting layer, andreater than 30 inches.

D. Thedocation of all soil observation pits shalbe included on the above
referenced topographic and acceptable soils maps.

E. A general discussion describing the soil scigst's findings and conclusions
shall be included.

E. The soils report must be signed and dated by thepil scientist responsible for
the documentation contained within it.

4. Imported Soils. If a facility is importing soilsr the subsurface site, the specifications shall

identify the minimum requirements for the 5oil. __ - { comment [D5]: NEW ADDITION!

A. Imported soils shall possess physical charasttesithat are uniform in texture,
structure, and pore space. Uniformity and consisteri the physical
characteristics shall be as close as possiblestorifinal state.

B. The imported soil shall be a sandy to loamy miltewith less than ten percent
(10%) clay and have less than fifteen percent (1&8gnic debris present.

C. Removal of plant residue and roots from thersitist be performed before placing
any fill to ensure that an organic layer is nottee when the imported soils are
placed.

D. To prevent the formation of a platy structure:

1. Imported soil must NOT be compacted

2. Use of a tracked vehicle is encouraged. If tedokehicles are not available,
equipment using high flotation tires should be uSdwse tires apply the
vehicle’s weight across a large footprint for lessnpaction.

3. Soil shall be set into place in small “lift” irmments of four to six inches (4" —
6") instead of one thick layer

4 Vertical separation for the dispersal and treatrfield should be the native
soil with the fill being the cap with imported il

E. Imported soils should be allowed to settle resal days before installation of the
drip line.

(D) Site Restrictions
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1. Sites with seasonal high groundwater less thawénty-four (24) inches deep may
require drainage improvements before being utilized

2. Subsurface systems shall not be constructed imstabilized fill.

3. The vertical separation between the bottom of #htrench and a limiting layer, including
but not limited to, bedrock; restrictive horizon; or seasonal high water table, shall be
no less than twenty-four inches (24”) or shall bealess than twelve inches (12”) for
systems dispersing secondary or higher quality effent;

4. Vertical separation shall be no less than fortgight inches (48”) where karst features
are present unless the site can be reclassified,;

5. For dispersal trenches on slopes of land greatthan fifteen percent, justification shall
be provided. Dispersal trenches shall not be instield on slopes greater than thirty
percent (30%).

6. Where slopes are less than two percent (2%), agleate surface drainage shall be
provided;

7. Trenches may be required by the department to beand-lined if the soils have severely
diminished treatment capability due to excessive &k content; and

8. When needed, surface water diversion shall be gvided. Subsurface lateral
groundwater movement shall be intercepted using auctain or perimeter drain. A
perimeter drain is a four sided, completely surroumling the seepage field. A one to
three sided curtain drain can also be used with thdownhill side of the field left open.

(E) Summary of Design. The summary of design shaliclude all calculations in determining
design flows, pump rates to the absorption fieldsizing of the absorption fields, sizing of the
fpreliminanyd treatment [compeonents-and-ifused-secondary-treatmesitstem. The summary
of design shall include the dosage rate of each &% and zone.

(F) An operation and maintenance plan shall be providedo explain the key operating
procedures at a level easily understood by the ownand the operator of the facility. An
outline and brief summary of operations shall be povided as part of thefacility plan. A
detailed operation and maintenance plan shall be @luded as part of thesubmitted plans and
at a minimum shall address maintenance of mechanitequipment and vegetative cover,
monitoring, record keeping, operating procedures, pplication scheduling and winterization
of the system.

(11) Conventional Subsurface Systems

(A) A conventional subsurface system uses a sagaticfor preliminary treatment followed by
gravity-fed absorption trenches.

(B) Preliminary treatment. Conventional subsurfsgstems shall be preceded by preliminary
treatment. Preliminary treatment shall be at a mimh be a septic tank, however secondary
treatment technologies should be used. The secptr@atment system shall follow the design
guides of 10 CSR 20-8.180 or 8.200(x).

(C) Site restrictions

1. The minimum distance that all treatment systempmonents shall be separated from other

site features are listed in section x of this rule.

2. Absorption systems shall not be located undgegiays, parts of buildings, or under above-

ground swimming pools or other areas subject toyh&zading.

3.Surface waters shall be diverted from the vigioitthe system.

(D) Absorption Trench Systems.

1. Site requirements. A minimum of four feet of aisle soil shall exist above bedrock and
groundwater with a minimum separation of two feethte lowest part of any absorption
trench system.

2.Design criteria.
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A.

The required length of absorption trench is dateed from the soil evaluation. The

B.

D.
E.

3. Trench

requirements for the soils evaluation is foundgot®n(x) of this rule.

The maximum trench width for design purposedl &featwenty-four inches (24”). If
requesting a deviation where the trench width edséaenty-four inches (24”), the
calculations of absorptive area shall be basedwidth of twenty-four inches
(24).

. Adjacent trenches shall be separated by atfeasteet (4') of undisturbed soil.

Individual trenches shall be constructed paratiehe ground contours with trench
bottoms as near level as possible.

Soil with a percolation of less than 1 min/iruissuitable for a conventional system
The required area shall be determined by thve ifétde divided by the application
rate. Application rates shall not exceed the raterdhined in the soils report.
criteria. Trench locations and depthdl Sleamarked by stakes before the trenches

are excavated. The natural surface shall not éfisigntly disturbed. If the site is regraded
or similarly disturbed, the soil shall be allowedstabilize and new percolation tests
conducted.

A.

B.

4. Materia
A.

The trench depth shall be at least eighteelndsa¢18”), with a maximum trench
depth of thirty inches (30”) below ground surface.

At minimum of six inches (6”) of aggregate sHadl placed below the distribution
line and two inches (2") above the line. The cowesr the aggregate should not
exceed twelve inches (12”) in order to enhanceraberation and nitrogen uptake
by plant life. Trenches shall be excavated to dedipth with bottoms practically
level.

. Heavy equipment shall be kept away from thelfimlcause the weight may

permanently alter soil characteristics due to catipa, cause trench cave-ins,
and/or misalign and break pipe.

. In gravity distribution systems, the pipe shmlcarefully sloped at between 1/16

inch and 1/32 inch per foot.

. After the upper aggregate is placed, the géiteexntreated building paper, hay or

straw is to be immediately installed and the trelmatkfilled with native soil. If the
trenches cannot be immediately backfilled, theyusthbe temporarily covered with
an impervious material such as treated buildingepé&pprevent sidewall collapse
and siltation into the aggregate.

. The backfill shall be mounded slightly above dniginal ground level to allow for

settling and after settlement the entire area shibellgraded without the use of
heavy equipment and seeded with grass.
Is.

Perforated distributor pipe shall be used mftitenches. Solid (non-perforated) pipe
shall be used between the distribution box andréreches. Corrugated plastic pipe
delivered in coils is not to be used unless proviss made to prevent the recoiling
or movement of the pipe after installation.

. Aggregate shall mean washed gravel or crustwee: $1alf an inch (0.5”) to three

fourths inch (0.75") in diameter. Larger diametgterial or finer substances and
run-of-bank gravel are unacceptable.

. The aggregate shall be covered with a matiw@lprevents soil from entering the

aggregate after backfilling, yet must permit aid amoisture to pass through. The
preferred material for covering the aggregatepsmneable geotextile. Polyethylene
and treated building paper are relatively impersiand shall not be used.

. Alternate aggregate. Materials may be usedsafstitute for conventional gravel

or stone aggregate when it can be demonstratethénataterial provides at least
the equivalent soil infiltration area and storagiume as conventional gravel or
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stone aggregate. Materials shall also maintairctral integrity and be non-
degradable by wastewater effluent.
(E)Cut and Fill Systems. A cut and fill system msabsorption trench system installed on sites where
impermeable soil overlays a permeable soil.

1. Site Requirements. Cut and fill systems maydeslwhere all the following conditions are
found:

A. A soil with a percolation rate slower than gixtinutes per inch (60 mins/inch),
such as clay or clay loam, overlays a useablenstiila percolation rate faster than
sixty minutes per inch (60 mins/inch);

B. A minimum of three feet (3') of useable soib#iexist above bedrock and
groundwater with a minimum separation of two f&2} {o the lowest part of any
absorption trench system.

2. Design criteria.

A. The required length of absorption trench is dateed from the soil evaluation. The
requirements for the soils evaluation is foundaot®n(x) of this rule.

1. The required length of absorption trench shalbased upon the lower
permeability of the slower percolation, either tmelerlying soil or the fill
material.

B. The maximum trench width for design purposedl &leatwenty-four inches (24”). If
requesting a deviation where the trench width edsé@enty-four inches (24”), the
calculations of absorptive area shall be basedwidih of twenty-four inches
(24").

C. Adjacent trenches shall be separated by atfeasfeet (4’) of undisturbed soil.
Individual trenches shall be constructed paratiehe ground contours with trench
bottoms as near level as possible.

D. Soil with a percolation of less than 1 min/iruissuitable for a conventional system

E. The required area shall be determined by thve ffide divided by the application
rate. Application rates shall not exceed the ratertghined in the soils report.

F. The cut and fill system shall provide for thenowal of the overlaying unusable soil
and replacement by soil having a percolation rateparable with the underlying
soil.

G. The area excavated and filled must provideasitla five foot buffer in each
direction beyond the trenches.

H. Original surface material shall not be usedackbll above the trenches.

I. The surface area of the fill system shall be numd and graded to enhance the runoff
of rainwater from the system and seeded to grass.

(F) Gravelless Absorption Systems.

1. General. Gravelless trench products must begegito distribute effluent and provide at
least the equivalent soil surface area for wastewetatment as a conventional absorption
trench without the use of gravel or stone aggregAtkegravelless systems must also be
capable of withstanding typical construction equgpitrand residential use loads without
deformation.

2. Site requirements. These products may be used akernative to conventional gravel or
stone absorption trenches in wastewater treatnysterss. All other treatment system
design requirements shall apply.

3. Design criteria.

A. All absorption trench system designs incorpoiatiravelless products shall have a
twenty-four inch (24”) absorption trench.

B. Gravelless absorption system products shalh&lied in conformance with the
manufacturer's instructions.

C. The gravelless trench sidewalls shall be sepatay a minimum of 4-feet of
undisturbed soil.
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D. All gravelless trenches shall be equal in lengtie total trench length shall be
increased if necessary.

E. Open-bottom gravelless chambers. Absorptioa designs may have up to a
twenty-five percent (25%) reduction in the totasaiption trench length when the
product can demonstrate the following features:

1. A minimum soil infiltration bottom area of 1.6xgare feet per linear foot, and
2. A minimum volumetric capacity of 7.5-gallons fieear foot, and
3. Open sidewall area for aeration and infiltration

F. Gravelless media-wrapped corrugated pipe saed-Eystems. Absorption area
designs may have up to a twenty-five percent (2&%iction in the total absorption
trench length, when the product can demonstratéotieving features and
installation criteria:

1. corrugated pipe with a minimum outside diametetr2-inches, and

2. wrapped in a media that allows wastewater istion and prohibits sand
infiltration, and

3. installed with a minimum of 6-inches of washedarete sand surrounding the
pipe.

G. Gravelless geotextile sand filter. Absorptioesadesigns may use a trench bottom
sand criteria of 6-square feet per linear foorenth when the product demonstrates
the following features and installation criteria:

1. A minimum unit width of 3-feet, and
2. A minimum storage capacity of 12-gallons/linfsot of unit, and
3. A minimum of 6-square feet per linear foot obgxtile surface area per linear
foot of unit, and
4. installed with 6-inches of washed concrete dsidw and on the sides of each
unit.
(12) Mound Subsurface Systems

(A)Mound system design has been developed for thibseonditions in which adequate vertical
separation is not available between the bottomsfisurface soil absorption system and a
restrictive layer, or a water table. The shallotihersoil the more attention to transporting the
treated effluent away from the point of applicatismequired.

(B) Site Considerations. Locate the mound in opeasfor exposure to sun and wind where
evaporation and transpiration will be maximized.ud systems shall not be constructed in
drainage ways, depressions, or areas subjectddifig.

1. Upslope runoff must be diverted around the rdoun

2. Good design practice must consider drainagstraints for both upgradient and
downgradient area drainage. The department mayresgdditional site evaluations and/or
testing to analyze the site before siting the maysiem.

(C) Preliminary Treatment. Mound systems shall tlee@ded by preliminary treatment. Preliminary
treatment shall be at a minimum be a septic taowgeler secondary treatment technologies
should be used. The secondary treatment systeirfalal the design guides of 10 CSR 20-
8.180 or 8.200(x).

(D) Design.

1. The mound sand fill depth shall be determinesktan the depth to the limiting conditions.
The sand fill depth shall not be less than six @scfor septic tank effluent.

2. The loading rate for the sand fill materiallsba determined by the soils report and should
not exceed 0.8 gallons per day per square-foot.

3. The soil placed over the entire mound mustetexsed and placed to promote aeration of
the mound, rainwater movement off and away fronrmtioeind, and establishment and
maintenance of a vegetative cover.

4. The cap should consist of a material as coerdered as the filter media, and the topsoil
may be as fine as a medium-to-fine sandy loam.cBipeshall provide frost protection, a
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barrier to infiltration, retains moisture for vegebn and promotes runoff of precipitation.

The cap and topsoil will settle during constructzom usage, as such the finished settled cap
and topsoil shall promote runoff and contain nprdssions. Some soils may settle a great
deal so be sure to place adequate depth of sallaw for settling in achieving the final

settled depth of cap and topsoil.

5. The final settled depth of the cap and topdwisd be no less than twelve inches (12”)
above the center and six inches (6”) above ther @atge of the bed. Additional depth of
topsoil may be needed during final constructionvais to assure that the minimum depths
are achieved following natural settling of the soil

6. The depth and type of topsoil used must notrseleinhibit the free transfer of oxygen to
the bed and filter media of the mound.

7. The use of a medium to fine sandy loam will erdgamoisture retention for plant growth and
increased rainwater runoff. Coarse textured ssilsh as sands, are not recommended, as
they drain rapidly and allow more intrusion of pgpgation into the infiltration bed.

(E) Media

1. The media shall have an effective size betweEn @ 0.3 millimeters, a uniformity
coefficient of 5 or less, with not more than fivergent passing the No. 200 sieve and not
less than eighty percent passing the No. 8 sieve.

2. A geotextile fabric or straw covering of thegeggate in the distribution area or other barrier
as specified for proprietary components shall lezlie prevent introduction of soil fines and
allow for free movement of air and water.

3. The length and width of the filter media are efegent upon the length and width of the
infiltration bed, filter media depth and side slsyé the filter media.

A. Sideslopes shall not be no steeper than 3:1rdyjate topsoil may be used to
make the slopes gentler (such as 4:1 to facilitatdscaping and lawn mowing)
than the required 3:1 slopes, once the 3:1 slopstsexith the filter media.

B. The filter media length consists of the end sb(K) and the bed length (B).To
calculate required filter media length is lengttbefl plus two times the end slope.

L=B+@2*K)
Where:
L= filter media length
B= length of bed
K= end slope; which is calculated by:

E
K=(D+ E) + F + H) * horizontal gradient

The horizontal gradient of sideslope, is usualfgr3sideslopes of 3:1.
F=
H=
4. Basal Area. The basal area required is baséaeodaily design flow and the infiltration
rate. To calculate the required basal area, the design flow divided by the infiltration rate
of the soil
A. For level sites, the total basal area beneattiilter media is available for effluent
absorption into the soil. To calculate the basadfke:
Lx W
Where:
L= length of filter media
W=width of filter media
B. For sloping sites, the only available basahasehe area beneath the bed (A x B)
and the area immediately downslope from the bed [&egth (B) x downslope width
(N]. It includes the area enclosed by [B x (A ¥ 1)
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C. The upslope and end slopes will transmit vittle lof the effluent on sloping sites,
and are therefore disregarded. It is importanbtogare the required basal area to the
available basal area, as the available basal anshaqual or exceed the required.

(F) Distribution. Mound distribution media shallnsist of one of the following:

1. A minimum of three inches (3”) of approved cesaggregate placed beneath the distribution pipe
and at least one inch of approved coarse aggretgated over top of the pipe;

2. Approved chamber or bundled polystyrene distidioumedia products having a minimum eight
inch height used in accordance with manufacturecifipations for installation; or

3. Other alternative distribution media materialsaathorized by the department.

(G) Operations and Maintenance

1.An operations and maintenance manual must bdafmdfor the mound system and provided to
the owner. The manual must be available for revigwe manual must contain the following as
a minimum:
A. Diagrams of all system components and theirtlonaThis should include the location of the

reserve area.
B. As-built drawings of all system components amlrtlocation are to be provided. The
location of the reserve area also needs to belglear

. Specifications for all electrical and mechanwainponents.

. Names and phone numbers of department’s regaffieé, component manufacturer or
management entity to be contacted in the evert alarm, or other problems or failure.

. Information on the periodic maintenance of tteuind system, including
electrical/mechanical components. The periodicentipns of system performance shall
include checks of:

1. Liquid levels in the standpipes should be chdam examinations made for any
seepage around the toe of the mound.
2. Flushing of distribution laterals.
3. Ponding in the distribution area
4. For any surface water infiltration or clear wdtews from the dwelling or
structures into the system components or arounchthend soil absorption area
F. Review and document event counters, elapsedntiaters, flow meters, and alarm
conditions, where present.
G. What activities can or cannot occur on and addbe mound and the reserve area.
H. Information regarding suitable landscaping aedetation for the mound and surrounding
areas.
1. A thorough description of activities and praesahat should be employed or avoided to
promote desired treatment levels and long-termicerv
J. Avoid traffic in the initial and replacement omal areas, in particular the area down-slope
from the mound and replacement mound. No vehiarl#ivestock traffic shall be permitted.
Be careful with lawn care equipment, such as ridéwgn mowers or tractor, to not travel on
the mound, or the downslope area, when the seidtisrated, such as during the wet winter or
snowmelt seasons. Winter traffic on the mound shbelavoided to minimize frost
penetration in colder.
2. Each mound shall have a minimum of two moniports, one placed in the infiltration bed
down to the gravel-sand, and one downslope fronbé&tedown to the sand-native soil interface.
An additional monitoring port should be installédaugh the soil interface into the soil several
inches.

3. The mound shall not be left without a vegetatioeer or allowed to go to weed. Mowed turf

grass and turf sod are the best vegetative coseradunds.

o0

m

(13) Low Pressure Pipe Subsurface Systems
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(A) Low Pressure Pipe Systems A low-pressure pipeRPP) system is a shallow, pressure-dosed soil
absorption system with a network of small diameteperforated pipes placed in narrow trenches.

(B) Preliminary treatment. Conventional subsurfaceesgstshall be preceded by preliminary treatment.
Preliminary treatment shall be at a minimum bemis¢ank, however secondary treatment technologies
should be used. The secondary treatment systefrfallab the design guides of 10 CSR 20-8.180 or

8.200(x).
(C) Design

1.Loading rates shall not exceed the values assignegy the site and soil evaluation. The
summary of design shall include calculations for tt minimum soil treatment area and total
trench length.

2. The system shall be sized in accordance with tfalowing equations: A=Q /LTAR and
L = A/5 feet where:

A = Minimum LPP soil treatment area (square feet)
L = Minimum total length of LPP trench (feet)
Q = Maximum daily sewage flow (gallons per day)
LTAR = Long term acceptance rate (gallons per day @r square foot). This is the
lowest reported LPP soil loading rate between theod surface and at least twelve inches
(12”) below the specified LPP trench bottom or asgproved by the department.
(D) Distribution Network. The low pressure distribution design shall include the entire network
configuration including, but not limited to, pipe lengths and size, exterior control panel and alarm
information, and calculations used to determine dasvolume, orifice flow rates, dosing tank sizing
and pump selection:

1. Supply network piping including the main, sub-nains, and manifold shall be watertight,
rigid solid wall pipe, and shall be properly suppoted to prevent sagging and damage under
normal loads and operating conditions. All networkpiping and low pressure distribution
piping and fittings shall be polyvinyl chloride (PVC) meeting ASTM Standard D 1785
Schedule 40, 80, or 120 or equivalent. All fittingshall be pressure rated meeting or
exceeding ASTM D 2466.

2. Manifold designs shall address freeze protectionhile assuring uniform distribution. The
manifold shall be designed to minimize drain down folaterals into other laterals at a lower
elevation between dosing events.

3. Lateral pipes shall be three-quarter to two incks in diameter.

4. There shall be no more than dive percent (5%) difference in flow rate between the
proximal and distal orifices on each distribution hteral. The system design shall ensure a
minimum fluid velocity of two feet per second (2fpsis maintained in the main and manifold
piping during dosing.

5. There shall be no more than dive percent (5%) difference in the flowrate between two
orifices in different distribution laterals that ar e to be dosed simultaneously during a single
dosing event.

6. Laterals shall include valves to allow adjustnmé of the operating distal pressure at startup
to meet design specifications. Baseline measuremgimcluding reconciling the gallons per
minute with the design, distal pressures/heights nal dose rates for future operations,
maintenance, and monitoring must be measured and cerded.

7. Low pressure distribution networks shall have a accessible means of measuring design
pressure or operating head for both initial baselie_measurement and future monitoring of
orifice clogging and other network operations andisall include a means of scouring or
flushing distribution laterals.

(E) Dosage

1. For zoned systems, the dosing frequeneyall be determined based on the soils report and
the dosing volume The dosing volume shall be based on the soil Iaad rate for each zone
and shall be designed to maximize treatment by coml of the instantaneous loading rate
and dose freguency.
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A. When a flow restrictive layer is present withintwelve inches (12") of the natural
ground surface, each dose shall deliver no greatétan one-eighth of the daily design
flow and at least three times the void volume of #hlaterals during each twenty-four
hour period.

B. For facilities with restrictive layer greater than twelve inches of the natural ground
surface, each dose shall deliver to the distributiparea no greater than one-fourth of
the daily design flow and at leasfive timesthe void volume of the laterals during each
twenty-four (24) hour period.

2. When time dosing is used, the selected dosewnk and frequency shall ensure that dosing
events are spaced uniformly throughout a twenty-fou (24) hour period to maximize resting
between dosing events. Time dosed controls shoultepent premature dosing when less
than the daily dose volume is present in the dosirtank.

(F) Orifices and Orifice Shielding

1. Orifices shall be uniform, clean, and free of &drill cuttings. Lateral pipes must be
stabilized when drilling orifices to prevent the ppes from moving and to ensure orifices are
drilled perpendicular to the pipe.

2. Orifice flow may be calculated using the followig formula.

Q=11.79x Bx+h
Where D = orifice diameter in.inches; and
h = pressure head in feet

3. Orifices must be sized no less than one-eightiich and spaced a maximum of six feet apart
along the lateral.

4. The orifice number and spacing shall provide ditribution of no more than six square feet
per orifice with an orifice size of not less than we-eighth inch. Orifices must be spaced a
minimum of six inches from the end of the lateral.

5. The direction of orifices and the method of orite shielding shall be specified in the design
and shall allow for uniform pressurization and depiessurization of the laterals, and drain-
back to prevent freezing.

6. The design must specify how the effluent streafrom the orifices will be dispersed for
uniform distribution.

A. When orifices are positioned up in the twelve @lock position, the effluent stream

must be sprayed against an orifice shield, gravee$s chambers, or similar device.

B. When orifices are positioned down in the six olock position to facilitate draining

after each dosing cycle, a mechanism to disperseetkffluent stream such as an
orifice shield, a pad of gravel, or a splash platshall be provided.

7. When orifice shields are used, they must be sitig enough to withstand the weight of the
backfill and large enough to protect the orifice fom being plugged by gravel.

8. If effluent is to be sprayed upward against théop of gravel-less chambers, the design shall
include and follow manufacturer recommendations.

9. The selected distal pressure to be maintained #ie end of each lateral shall be no less than
two feet (2 ft) (0.87 psi) when using three-sixtath inch (3/16") or larger diameter orifices,
and no less than five feet (5 ft) (2.18 psi) whersing orifices smaller than three-sixteenth
inch (3/16").

10. Pressure dosed systems shall use either elapsete meters, event counters, or flow meters
capable of measuring total flow to help determineléw rates and dose volumes.

A. Time dosed systems shall also have control paselith programmable timers,
manual pump operation or hand- off- auto switchestest features, and as
applicable, adjustable override settings.

B. Adjustable override settings cannot exceed theaily design flow and the override
volume cannot exceed the dosing design of the dovirgam component.
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11. The dosing tank size and the pump, exterior otrol panel, and alarm information shall be
included with the design. The design shall indicatthe settings or means used to
accommodate the dose volume including any drainbadi the dosing tank.
(G) Trenches

1. LPP trenches shall follow the contour of the grund

2. Compaction of the trench bottom, such as walkinm the trench, shall be minimized

3. LPP trenches shall be constructed as level asggible, but in no case shall the fall in a single
trench bottom exceed one-half inch (1/2") in one hudred feet (100Y;

4. There shall be no soil disturbance to an LPP stexcept the minimum required for
installation.

5. LPP trenches shall be constructed with a minimunof four inches (4") of backfill unless
specified by the gravelless product manufacturer oprofessional engineer and specifically
approved by the department with the facility plan @ engineering report;

6. Rock used in LPP trenches shall be clean pea gl or other approved aggregate and
graded or sized between three-eighths inch and omach (3/8” and 1"). Crushed limestone
and dolomite shall not be used. No more than one ment (1%) fines, or materials passing
the No. 100 sieve shall be allowed;

A. Other aggregate material may be used in LPP tmches, including but not limited
to, tire chips or crushed glass when specified bya¢ designer and specifically
approved by the department;

B. When aggregate is used, there shall be a minimuai five inches (5") of gravel below
and a minimum of two inches (2") of gravel above tb LPP laterals; and

C. When aggregate is used, a durable geotextilebiac shall be used as a barrier to
permit passage of water and prevent passage of swito the aggregate; and

D. When gravelless dispersal trench products are ad, LPP trench construction shall
be in accordance with the manufacturer’s reguiremets

(H) Operations and Maintenance

1. The following considerations should be made tasure proper operation and maintenance

of the facility:

A. Inspection ports should be installed to have deast one port placed in each leaching
trench for observation of distribution and any pondng at the infiltrative surface.
The ports shall be anchored and be accessible wis least a four inch opening and
a removable cap;

B. Accessible turn-ups shall be provided at the endf each lateral for the purpose of
flushing the laterals and testing distal operatinchead.

C. Shutoff mechanisms with a durable and stable aess port shall be provided to isolate
portions of the distribution network.

D. Baseline measurements including reconciling thgallons per minute with the design,
distal pressures/heights, and dose rates for futureperations, maintenance, and
monitoring must be measured and recorded.

E. The distribution networks shall have an accedsie means of measuring design
pressure or operating head for both initial baselie measurement and future
monitoring of orifice clogging and other network ogerations and include a means of
scouring or flushing distribution laterals.

F. An elapsed time meter shall be installed on theumps.

G. To prevent clogging, a disc filter or other manéacturer approved filter should be
used.

2. The operations and maintenance manual of the teément system shall include at a

minimum, procedures for:

A. Checking for ponding in the distribution area;

B. Checking for surface water infiltration or clear water flows from the dwelling or
structures into the system components and around anto the soil absorption area;
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C. Checking the vegetative cover for erosion or #&ng and any evidence of settling or
seepage in the area of the soil absorption comporten
D. Monitoring for proper operation of mechanical cevices;
E. Monitoring the dose volume and operating presse head of the distribution system
and compare to baseline measurements;
F. Flushing of distribution laterals; and
G. Review and document event counters, elapsed #nmeters, flow meters, and alarm
conditions where present.

(14) Drip Dispersal Subsurface Systems

(A) Drip dispersal systems are designed and opeed to allow the soil to provide final treatment of
the wastewater prior to its introduction to groundwater. Dispersal and treatment occurs via

physical, chemical and biological processes withihe soil and through evapotranspiration and
nutrient uptake by plant matter.

(B) Preliminary Treatment. Drip Dispersal systemsshall be preceded by preliminary treatment.
Preliminary treatment shall be at a minimum the marnufacturer's recommendations;however
secondary treatment technologies should be usedsdtondary treatment system shall follow the desig
guides of 10 CSR 20-8.180 or 8.200(Xx).

(C) Design.

1. Drip dispersal design submittals should take irt consideration all factors influencing the
infiltrative capacity of the soil and the ability of the soil and site to transport ground water
away from the application area.

A. It should be noted that the use of historicalnformation from existing systems
installed and operated in similar soils, with docurented loading rates, landscape
positions and design conditions similar to the propsed system may be applicable.

B. Soils that have been highly compacted and/or digbed, such as old road beds,
foundations, etc., must be excluded when evaluatirgyitable areas for drip dispersal
systems.

2. Sites with seasonal high groundwater less thaweénty-four (24) inches deep may require
drainage improvements before they can be utilizedlhe design hydraulic conductivity at
such sites is a function of the design of the dradige system.

3. The design wastewater loading is a function ofrgcipitation, evapotranspiration, design
hydraulic conductivity rate, nitrogen loading limitations, other constituent loading
limitations, groundwater and drainage conditions, aerage and peak design wastewater
flows, soil denitrification rates, and the rate ohitrogen uptake in site vegetation .

4. The design application rate in gallons per daygr square foot (GPD/SF) shall be derived
from the hydraulic loading rate based upon the NRCSwdraulic conductivity data and the
texture and structure, which is determined by a dediled site evaluation and will be
dependent upon the soil characteristics.

5. Drip field area requirements The minimum soil treatment area and total length. The system
shall be sized in accordance with the following e@uions to calculate the minimum soil
treatment area and total length:

__0 __4
A= LTAR and L = 5 feet
Where:

A = Minimum LPP soil treatment area (square feet)

Q = Maximum daily sewage flow (gallons per day)

L = Minimum total length (feet)

LTAR = Long term acceptance rate (gallons per day @r square foot). LTAR = Long
term acceptance rate (gallons per day per square dt). This is the lowest reported
conventional soil loading rate between the soil stace and at least twelve inches (12")
below the fill.
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(D) Sails.

1. The use of any soil is should meet the followirfgur (4) criteria:

A. The applied effluent loading rate does not exceehe applicable hydraulic loading
rate in the table below. The applicable hydraulicdading rate is determined by a
detailed site evaluation in which the site is mapykutilizing soil borings and pits to
determine the physical properties of soil horizongand soil map units.

B. The applied effluent maximum loading rate does ot exceed 10% of the minimum
NRCS saturated vertical hydraulic conductivity (Ksar) for the soil series, or 0.20
gallons per day per square foot whichever is least.

C. The soil does not have a restrictive horizon wlitn its top twenty (20) inches.

D. The soil is well drained, or capable of being dined.

2. Itis desirable to have a minimum depth of twent (20) inches of undisturbed soil above a
restrictive horizon which may need to be increaseds slope increases. This is necessary to
provide adequate installation depth and buffer bela the drip line.

3. Even if a soil meets the depth requirements it ay not be suitable due to the texture and/or
structure. If a soil shows signs of wetness withia depth of 20 inches of the soil surface, it
will most likely require a soil improvement practice such as an interceptor or drawdown
drain. The location and size of the drains and bu#frs must be factored into the total area
required for the drip dispersal system.

(E) Lines and Trenches.

1. Drip dispersal lines should be placed at depthsf six (6) to ten (10) inches below the surface.
The drip lines should be laid level and should runwith the contour.

2. The emitter line spacing and emitter spacing sliebe at 2-foot spacing to achieve even
distribution of the wastewater and maximum utilizaion of the soil.

3. The vertical separation between the bottom of gntrench and a limiting layer, including but
not limited to, bedrock; restrictive horizon; or seasonal high water table, shall be no less
than twenty-four inches (24”).or shall be no lesshan twelve inches (12”) for systems
dispersing-secondary or higher quality effluent.

4. Vertical separation shall be no less than fortgight inches (48") where karst features are
present unless the site can be reclassified;

5. Trenches shall be spaced at least five feet)&part on centers. When trench spacing is
greater than five feet (5’), a maximum effective aga of up to five square feet (5 sq.ft.) of soil
treatment area per foot of trench may be allowed.

6. Rock used in trenches shall be clean pea graweld graded or sized between three-eighths
inch and one inch (3/8” and 1"). Crushed limestonand dolomite shall not be used. No more
than one percent (1%) fines, or materials passindie No. 100 sieve shall be allowed;

7. Other aggregate material may be used in trenchemcluding but not limited to, tire chips or
crushed glass when specified by the designer andegjifically approved in the facility plan
by the department.

(F) Operations and Maintenance
1. The following considerations should be made tasure proper operation and maintenance
of the facility:
A. Inspection ports should be installed to have deast one port placed in each leaching
trench for observation of distribution and any pondng at the infiltrative surface. The
ports shall be anchored and be accessible with agdst a four inch opening and a
removable cap;

B. Accessible turn-ups shall be provided at the endf each lateral for the purpose of
flushing the laterals and testing distal operatindhead.

C. Shutoff mechanisms with a durable and stable aess port shall be provided to isolate
portions of the distribution network.

39



Black: 10 State Standards Chapter 90, 2014 March 01, 2016 DRAFT

Blue: 10 CSR 20-8.020(13, 15, 16, 17). Green: 10 CSR 20-8.220 Orange: Clarification
Teal: Tennessee Chapters 16 & 17 Text to be[deleted]is in italics and bracketed

Red Underline: Changed since the April stakeholdemeeting Brown Underline: Added or Changed since the June akeholder meetin:

Orange Underline: changed since August stakehc ng Purple Underline: Added or Changed since the Octobrestakeholder meeti

Olive Underline: Added or Changed since the Dec. akeholder mtg

D. Baseline measurements including reconciling thgallons per minute with the design,
distal pressures/heights, and dose rates for futureperations, maintenance, and
monitoring must be measured and recorded.

E. The distribution networks shall have an accedsie means of measuring design
pressure or operating head for both initial baselie measurement and future
monitoring of orifice clogging and other network ogerations and include a means of
scouring or flushing distribution laterals.

2. The operations and maintenance manual of the teement system shall include at a
minimum, procedures for:

A. Checking for ponding in the distribution area;

B. Checking for surface water infiltration or clear water flows from the dwelling or
structures into the system components and around anto the soil absorption area;

C. Checking the vegetative cover for erosion or #ng and any evidence of settling or
seepage in the area of the soil absorption comporten

D. Monitoring for proper operation of mechanical cevices;

E. Monitoring the dose volume and operating presse head of the distribution system
and compare to baseline measurements;

F. Flushing of distribution laterals; and

G. Review and document event counters, elapsed gnmeters, flow meters, and alarm
conditions where present.
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